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SI\aTTANEOUS DETECTION, IDENTIFICATION AND DIFFERENTIATION OF 
EUBACTERIAL TAXA USING A HYBRIDIZATION ASSAY 

The present invention relates to nucleic acid probes derived from the spacer region 
between the I6S and 23S ribosomal ribonucleic acid (rRNA; genes, to be used for the 

5 specific detection of eubacteriai organisms in a biological sample by a hybridization 
procedure, as well as co nucleic acid primers to be used for the amplification of said spacer 
region of eubacteriai organisms in a biological sample. Tne present invention also relates to 
new spacer region sequences from which said probes or primers may be derived. 

Since the advent of the polymerase chain reaction and some other nucleic acid 

10 amplification techniques the impact of DNA-probe technology in die diagnosis of micro- 
organisms in biological samples of all sorts is increasing. Be:ng often more specific and 
potentially more sensitive - if an adequate amplification and/or detection system is used -the 
DNA probe approach may eventually replace the conventional identification techniques. 

The reliability of nucleic acid based tests essentially depends on the sensitivity and 

15 specificaty of the probes and/or primers used. Thus the corner stone of this type of assay is 
the identification of nucleic acid sequences which are unique to the group of organisms of 
interest. 

Most of the nucleic acid based tests either described in literature and/or commercially 
available aim at the detection of just one particular organism in a biological sample. Since 

20 most biological samples usually may contain a great variety of clinically relevant micro- 
organisms, a multitude of separate assays have co be performed to detect all relevant 
organisms possibly present. This approach would be very expensive, laborious and time- 
consuming. Consequently, the number of tests actually performed in most routine diagnostic 
labs on a particular sample is restricted to the detection of just a few of the most relevant 

25 organisms. Therefore it would be extremely convenient to have access to a system which 
enables the fast, easy and simultaneous detection of a multitude of different organisms. The 
more organisms that can be screened for in the same assay, the more cost-effective the 
procedure would be. 

As put forward in earlier published documents, the spacer region situated between the 
30 16S rRNA and the 23S rRNA gene, also referred to as the internal transcribed spacer (ITS), 
is an advantageous target region for probe development for detection of pathogens of 
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bacterial origin (International application WO 91/16454; Rossau et al., 1992; EP-A-0 395 
292). 

One of its most appreciated advantages is that sequences unique to a great variety of 
bacterial taxa can be found in a very limited area of the bacterial genome. This characteristic 
5 allows for an advantageous design of "probe-panels" enabling the simultaneous detection of 
a set of organisms possibly present in a particular type of a biological sample. Moreover, 
beins flanked by quasi-universally conserved nucleotide sequences - more particularly located 
in the 3' -pan of the 16S rRNA gene and the 5*-pan of the 23S rRNA gene respectively - 
almost all spacers can be simultaneously amplified with a iimited set of amplification 
10 primers. Alternatively, specific primer sets can be derived from the spacer sequences 
themselves, thereby allowing species- or group-specific amplifications. 

The 16S-23S rRNA spacer region is a relatively short (about 200 :o 1000 base pairs) 
stretch of DNA present in one or multiple copies in the genome of almost all eubacteriai 
organisms. If multiple copies are present in the genome of one bacterium these copies can 
15 either be identical (as is most probably the case in some Neisseria species) or may differ 
from each other (as is the case for E. coli). This difference can be limited to a few 
nucleotides but also deletions and insertions of considerable length may be present. 

Uptil now, spacer probes are only described and made publicly available for a limited 
number of organisms many of which were disclosed in international application WO 
20 91/16454. As described above, it would be very advantageous to be able to detect 
simultaneously a panel of pathogens: e.g. a panel of pathogens possibly present in the same 
type of biological sample, or a panel of pathogens possibly causing the same type of disease 
symptoms, which are difficult to differentiate clinically and/or biochemically, or a panel of 
organisms belonging to the same taxon. In order to make the different panels as complete as 
25 possible, additional probes or sets of probes located in the spacer region and enabling the 
identification of at least the following bacterial groups or species are required : 
Mycobacterium species 
Listeria species 
Chlamydia species 
30 - Acinetobacter species 

Mycoplasma species 
Streptococcus species 
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Staphylococcus species 
Salmonella species 
Brucella species 
Yersinia species 
5 - Pseudomonas species 

These additional spacer probes need to be meticulously designed such that they can 
be used simultaneously with at least one other probe, under the same hybridization and wash 
conditions, allowing the detection of a particular panel of organisms. 

It is thus the aim of the present invention to select probes or sets of probes, which 
10 have as target the 16S-23S rRNA spacer region, and which allow the de:ec::on and 
identification of at least one. and preferably more than one, of the above mentioned micro- 
organisms. The probes or probe sets are selected in such a way that they car. be used in 
combination with at least one other probe, preferably also originating from r.e 16S-23S 
rRNA spacer region, under the same hybridisation and wash conditions, to aiicw possibly 
15 the simultaneous detection of several micro-organisms in a sample. 

It is also an aim of the present invention to provide for a selection memcd for use in 
the selection of said spacer probes or probe sets. 

It is also an aim of the present invention to provide a rapid and reliable hybridization 
method for detection and identification of at least one micro-organism in a sample, or for the 
20 simultaneous detection and identification of several micro-organisms in a sample. 

It is more particularly an aim of the present invention to provide a hybridization 
method allowing simultaneous detection and identification of a set of micro-organisms, liable 
to be present in a particular type of sample. 

It is more particularly an aim of the present invention to provide probes or sets of 
25 probes for the possible simultaneous detection of micro-organisms in a sample originating 
from respiratory tract. 

It is another particular aim of the present invention to provide probes or sets of probes 
for the possible simultaneous detection of micro-organisms in a sample originating from 
cerebrospinal fluid. 

30 It is still another particular aim of the present invention to provide probes or sets of 

probes for the possible simultaneous detection of micro-organisms in a sampie originating 
from urogenital tract. 
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It is still another particular aim of the present invention to provide probes or sets of 
probes for the possible simultaneous detection of micro-organisms in a sample taken from 
the gastro-intestinai tract of a patient. 

It is still another particular aim of the present invention to provide probes or sets of 
5 probes for the possible simultaneous detection of micro-organisms in a sample originating 
from food or environmental samples. 

It is moreover an aim of the present invention to provide a method for detection and 
identification of a particular taxon in a sample, or a set of particular taxa, said taxon being 
either a complete genus, or a subgroup within a genus, a species or even subtypes within a 
10 species (subspecies* serovars, sequevars, biovars...). 

It is more particularly an aim of the present invention to provide probes or sets of 
probes for the detection of Mycobacterium species and subspecies, more particularly for die 
detection of M- tuberculosis complex strains, Mycobacterium strains from the MAIS- 
complex, M- avium and M. paratuberculosis . M. intracellular and M. intracelluiare -Iike 
15 strains, M- scrofulaceum , M. kansasii . M. chelonae . M. gordonae . M. ulcerans . M. 
genavense , M- xenooL M* simiae . M- fortuitum . M- malmoense . M. celatum and M- 
haemophihim . 

It is also an aim of the present invention to provide probes or sets of probes for the 
detection of Mycoplasma strains, more particularly of M- pneumoniae and M- genitalium . 
20 It is also an aim of the present invention to provide probes or sets of probes for the 

detection of Pseudomonas strains, more particularly P. aeruginosa . 

It is also an aim of the present invention to provide probes or sets of probes for 
detection of Staphylococcus species, more particularly S. aureus and S. eoidermidis . 

It is also an aim of the present invention to provide probes or sets of probes for the 
25 detection of Acinetobacter strains, more particularly A. baumanii . 

It is also an aim of the present invention to provide probes or sets of probes for the 
detection of Listeria strains, more particularly Listeria monocytogenes . 

It is also an aim of the present invention to provide probes or sets of probes for the 
detection of Brucella strains. 
30 It is also an aim of the present invention to provide probes or sets of probes for the 

detection of Salmonella strains. 

It is also an aim of the present invention to provide probes or sets of probes for the 
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detection of Chlamydia strains, more particularly £. trachomatis and C. psiitaci . 

It is also an aim of the present invention to provide probes or sec of probes for the 
detection of Streptococcus strains. 

It is also an aim of the present invention to provide probes or sets of probes for the 
5 detection of Yersinia enterolitica strains. 

It is also an aim of the present invention to provide primers allowing specific 
amplification of the 16S-23S rRNA spacer region for certain organisms. More particularly, 
it is an aim of the present invention to provide primers for the specific amplification of die 
spacer region of Mycobacterium . Chlamydia , Listeria . Brucella and Yersinia enteroiitica 
10 strains. 

It is also an aim of the present invention :o provide new sequences of 16S-23S rRNA 
spacer regions from which useful spacer probes or primers can be derived. 

It is also an aim of the present invention to provide for kits for detection of at least 
one organism in a sample in which said probes and/or primers are used. 
15 It is noted chat for a few of the above-mentioned organisms spacer sequences have 

already been published in literature or in publicly accessable data-banks. 

However, it should be made clear that the spacer region sequences disclosed in the 
current invention (figs. 1-103) are new and. in case they originate from the same species as 
those of which a spacer sequence was already described m the prior an. they differ to some 
20 extent from the already described sequences. 

Moreover, it is the principal aim of the present invention to select, from the 
compilation of sequence data on spacer regions, specific probes and sets of probes enabling 
the detection and identification of a particular panel of organisms, be it the organisms 
belonging to a common taxon, or the organisms possibly present in the same type of sample. 
25 The selection procedure usually consists of a theoretical and an experimental part. 

First of all, the different spacer sequences need to be aligned to those of die 'closest 
neighbours* or to the spacer sequences of other micro-organisms liable to be present in the 
same sample. This requires of course the sequence determination of the spacer region, as 
described in the examples. From the alignment, regions of divergence can be defined, from 
30 which probes with desired hybridization characteristics are designed, according to guidelines 
known to the man skilled in the art and specified in more detail below. 

Secondly, the designed probes need to be tested experimentally and evaluated for their 
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usefuiness under specific hybridization conditions and/or in combination with other probes. 
Experimental testing can be done according to any hybridization method known in the art. 
but a preferred assay for the simultaneous testing of different probes under the same 
conditions is the reverse hybridization assay. A specific format for reverse hybridization of 
5 different probes simultaneously used in the current invention is the L:PA (Line Probe Assay) 
as described below. 

Upon experimental testing unexpected hybridization behaviour may show up when the 
probes are hybridized to the target nucleic acid, and specific probe adaptations may be 
required. 

10 Moreover, specificity and sensitivity of the probes need to be tested with a large 

collection of strains, both belonging to the taxon to be detected and oetonging to other caxa. 
Due to genome heterogeneity in the spacer region, or the existence of muiraie spacer regions 
with different sequences in the same organism, it is quite often necessary to sequence spacer 
regions of additional strains, or to sequence additional spacer regions in the same strain, and 

15 redesign the probes according to the new sequence data in order to obtain a better sensitivity 
and/or specificity (see e.g. example 3). In some cases it may be necessary or preferable to 
use several probes for the same organism (see e.g. example 2 and 7). Also, upon sequencing 
the spacer region, some organisms may show unexpected (un)reiatedness, which may lead 
to a revision of strain classification contrary to classical taxonomic criteria (see e.g. examples 

20 2 and 7). 

In conclusion, the experimental pan of the probe selection procedure is indispensable 
and complementary to the theoretical pan. Probe design, especially under the fixed conditions 
of reverse hybridization (the same conditions for each probe) is not straightforward and 
probes have to be evaluated meticulously before they can be used in a reverse hybridization 
25 format. Therefor, probes cannot always be simply derived on a theoretical basis from a 
known gene sequence. 

For designing probes with desired characteristics the following useful guidelines may- 
be followed. 

Because the extent and specificity of hybridization reactions such as those described 
30 herein are affected by a number of factors, manipulation of one or more of those factors will 
determine the exact sensitivity and specificity of a particular probe, whether perfectly 
complementary to its target or not. The importance and effect of various assay conditions. 
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explained farther herein, are known to those skilled in the an. 

First, the stability of the [probe : target] nucleic acid hybrid should be chosen to be 
compatible with the assay conditions. This may be accomplished by avoiding long A and T 
rich sequences, by terminating the hybrids with G:C base pairs, and by designing the probe 

5 with an appropriate Tm. The beginning and end points of the probe should be chosen so that 
the length and %GC result in a Tm about 2-lQ°C higher than the temperature at which the 
final assay will be performed. The base composition of the probe is significant because G-C 
base pairs exhibit greater thermal stability as compared to A-T base pairs due to additional 
hydrogen bonding. Thus, hybridization involving complementary nucleic acids of higher G-C 

10 content will be stable at higher temperatures. 

Conditions such as ionic strength and incubation temperature under which a probe will 
be used should also be taken into account in constructing a probe, k is known that 
hybridization will increase as the ionic strenghc of the reaction mixture increases, and that 
the thermal stability of the hybrids will increase with increasing ionic strenght. On the other 

15 hand, chemical reagents, such as formamide, urea, DMSO and alcohols, which disrupt 
hydrogen bonds, will increase the stringency of hybridization. Destabilization of the hydrogen 
bonds by such reagents can greatly reduce the Tm. In general, optimal hybridization for 
synthetic oligonucleotide probes of about 10-50 bases in length occurs approximately 5°C 
below the melting temperature for a given duplex. Incubation at temperatures below the 

20 optimum may allow mismatched base sequences to hybridize and can therefore result in 
reduced specificity. 

It is desirable to have probes which hybridize only under conditions of high 
stringency. Under high stringency conditions only highly complementary nucleic acid hybrids 
will form; hybrids without a sufficient degree of complementarity will not form. 

25 Accordingly, the stringency of the assay conditions determines the amount of 
complementarity needed between two nucleic acid strands forming a hybrid. Stringency is 
chosen to maximize the difference in stability between the hybrid formed with the target and 
the nontarget nucleic acid. In some examples of the current invention, e.g. when highly 
related organisms need to be differentiated, it may be necessary to detect single base pair 

30 changes. In those cases, conditions of very high stringency are needed. 

Second, probes should be positioned so as to minimize die stability of the [probe : 
nontarget] nucleic acid hybrid. This may be accomplished by minimizing the length of perfect 
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complementarity co non-targe: organisms, avoiding GC rich regions of homology co non- 
target sequences, and by positioning die probe to span as many destabilizing mismatches as 
possible. Whether a probe sequence is useful to detect only a specific type of organism 
depends largely on the thermal stability difference between fprobertarget] hybrids and 
5 [probe: nontarget] hybrids. In designing probes, the differences tn these Tm values should be 
as large as possible (e.g. at least 2°C and preferably 5°C). 

The length of the target nucleic acid sequence and. accordingly, the length of the 
probe sequence can also be important. In some cases, there may be several sequences from 
a particular region, varying in location and length, which will yield probes with the desired 
10 hybridization characteristics. In other cases, one sequence may be significantly better than 
another which differs merely by a single base. While it is possible for nucleic acids :ha: are 
not perfectly complementary to hybridize, the longest stretch of perfectly complementary 
base sequence will normally primarily determine hybrid stability. While oligonucleotide 
probes of different lengths and base composition may be used, oligonucleotide probes 
15 preferred in this invention are between about 10 to 50 bases in length and are sufficiently 
homologous to the target nucleic acid. 

Third, regions in the target DNA or RNA which are known to form strong internal 
structures inhibitory to hybridization are less preferred. Likewise, probes with extensive self- 
complementarity should be avoided. As explained above, hybridization is the association of 
20 two single strands of complementary nucleic acids to form a hydrogen bonded double strand. 
It is implicit that if one of the two strands is wholly or partially involved in a hybrid that it 
will be less able to participate in formation of a new hybrid. There can be intramolecular and 
intermolecuiar hybrids formed within the molecules of one type of probe if there is sufficient 
self complementarity. Such structures can be avoided through careful probe design. By 
25 designing a probe so that a substantial portion of the sequence of interest is single stranded, 
the rate and extent of hybridization may be greatly increased. Computer programs are 
available to search for this type of interaction. However, in certain instances, it may not be 
possible to avoid this type of interaction. 

The probes of the present invention are designed for attaining optima! performance 
30 under the same hybridization conditions so that they can be used in sets for simultaneous 
hybridization; this highly increases the usability of these probes and results in a significant 
gain in time and labour. Evidently, when other hybridization conditions should be preferred. 
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all probes should be adapted accordingly by adding or deleting a number of nucleotides at 
their extremities. It should be understood that these concommitant adaptations should give 
rise 10 essentially the same result, namely that the respective probes still hybridize 
specifically with the defined target Such adaptations might also be necessary if the amplified 
material should be RNA in nature and not DNA as in the case for the NASBA system. 

The hybridization conditions can be monitored relying upon several parameters, such 
as the nature and concentration of the components of the media, and the temperatures under 
which the hybrids are formed and washed. 

The hybridization and wash temperature is limited in upper value depending on the 
sequence of the probe (its nucleic acid composition, kind and length). The maximum 
hybridization or wash temperature of the probes described in the present invention ranges 
from 40°C to 6Q°C, more preferably from 45 °C to 55°C, in the specific hybridization and 
wash media as described in the Examples section. At higher temperatures duplexing ( = 
formation of the hybrids) competes with the dissociation (or denaturation) of the hybrid 
formed between the probe and the target. 

In a preferred hybridization medium of the invention, containing 3 x SSC and 20% 
formamide, hybridization temperatures can range from 45 °C to 55°C, with a preferred 
hybridization temperature of 50°C. A preferred wash medium contains 3 x SSC and 20% 
formamide, and preferred wash temperatures are the same as the preferred hybridization 
temperatures, Le. preferably between 45°C and 55°C, and most preferably 50°C. 

However, when modifications are introduced, be it either in the probes or in the 
media, the temperatures at which the probes can be used to obtain the required specificity 
should be changed according to known relationships, such as those described in the following 
reference: Hames B and Higgins S (eds.). Nucleic acid hybridization. A practical approach, 
IRL Press, Oxford, U.K., 1985. 

The selected nucleic acid probes derived from the 16S-23S rRNA spacer region and 
described by the present invention are listed in Table la (SEQ ID NO 1 to 64, 175 to 191, 
193 to 201, and 210 to 212). As described in the examples section, some of these probes 
show a better sensitivity and/or specificity than others, and the better probes are therefore 
preferentially used in methods to detect the organism of interest in a biological sample. 
However, it is possible that for certain applications (e.g. epidemiology, substrain typing, ...) 
a set of probes including the less specific and/or less sensitive probes may be very 
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informative (see e.g. example 7). 

The following definitions serve to illustrate the terms and expressions used in the 
different embodiments of the present invention as set out below. 

The term "spacer" is an abbreviated term referring to the I6S-23S rRNA internal 
transcribed spacer region. 

The term "probe* refers to single stranded sequence -specific oligonucleotides which 
have a sequence which is sufficiently complementary to hybridize to the target sequence to 
be detected. 

The more specific term "spacer probe" refers to a probe as defined above having a 
sequence which is sufficiendy complementary to hybridize to a targe: sequence which is 
located in the spacer region(s) of the organism (or group of organisms) to be detected. 

Preferablv said probes are 70 % , 30 % . 90 % , or more than 95 % homologous r o ?'zt 
exact complement of the target sequence to he detected. Tnese targe: sequences are either 
genomic DNA or precursor RNA, or amplified versions thereof. 

Preferably, these probes are about 5 to 50 nucleotides long, more preferably from 
about 10 to 25 nucleotides. The nucleotides as used in the present invention may be 
ribonucleotides, deoxyribonucieotides and modified nucleotides such as inosine or nucleotides 
containing modified groups which do not essentially alter their hybridization characteristics. 
Moreover, it is obvious to the man skilled in the an that any of the beiow-specified probes 
can be used as such, or in their complementary form, or in their RNA form (wherein T is 
replaced by U). 

The probes according to the invention can be formed by cloning of recombinant 
plasmids containing inserts including the corresponding nucleotide sequences, if need be by 
cleaving the latter out from the cloned plasmids upon using die adequate nucleases and 
recovering them, e.g. by fractionation according to molecular weight. The probes according 
to the present invention can also be synthesized chemically, for instance by the conventional 
phospho-triester method. 

The term "complementary" nucleic acids as used herein means that the nucleic acid 
sequences can form a perfect base-paired double helix with each other. 

The term "homologous" as used in the current application is synonymous for 
identical: this means that polynucleic acids which are said to be e.g. 80% homologous show 
80% identical base pairs in the same position upon alignment of the sequences. 
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The term "polynucieic acid" corresponds to either double-stranded or single-stranded 
cDNA or genomic DNA or RNA, containing at least 10, 20, 30, 40 or 50 contiguous 
nucleotides. A polynucieic acid which is smaller than 100 nucleotides in length is often also 
referred to as an oligonucleotide. Single stranded polynucieic acid sequences are always 
represented in the current invention from the 5* end to the 3' end. 

The term 'closest neighbour' means the taxon which is known or expected to be most 
closely related in terms of DNA homology and which has to be differentiated from the 
organism of interest 

The expression 'desired hybridization characteristics' means that the probe only 
hybridizes to the DNA or RNA from organisms for which it was designed, and not to DNA 
or RNA from other organisms (closest neighbours or organisms liable to be present in the 
same sample). In practice, this means that the intensity of the hybridization signal is at least 
two, three, four, five, ten or more times stronger with the target DNA or RNA from the 
organisms for which the probes were designed, as compared to non-target sequences. 

These desired hybridization characteristics correspond to what is called later in the 
text "specific hybridization". 

The expression "taxon-specific hybridization" or "taxon-specific probe" means that 
the probe only hybridizes to the DNA or RNA from the taxon for which it was designed and 
not to DNA or RNA from other taxa. 

The term taxon can refer to a complete genus or a sub-group within a genus, a species 
or even subtype within a species (subspecies, serovars, sequevars, biovars...). 

The term "specific amplification" or "specific primers" refers to the fact that said 
primers only amplify the spacer region from these organisms for which they were designed, 
and not from other organisms. 

The term "sensitivity" refers to the number of false negatives: i.e. if 1 of the 100 
strains to be detected is missed out, the test shows a sensitivity of (100-1/100)55 =9955. 

The term "specificity" refers to the number of false positives: i.e. if on 100 strains 
detected, 2 seem to belong to organisms for which the test is not designed, the specificity of 
the test is (100-2/100)% =98%. 

The probes selected as being "preferential" show a sensitivity and specificity of more 
than 80%, preferably more than 90% and most preferably more than 95%. 

The term "primer" refers to a single stranded DNA oligonucleotide sequence capable 
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of acting as a point of initiation for synthesis of a primer extension product which is 
complementary to the nucleic acid strand to be copied. The length and the sequence of the 
primer must be such that they allow to prime the synthesis of the extension products. 
Preferably the primer is about 5-50 nucleotides long. Specific length and sequence will 
depend on the complexity of the required DNA or RNA targets, as well as on the conditions 
of primer use such as temperature and ionic strenght. The fact that amplification primers do 
not have to match exactly with the corresponding template sequence to warrant proper 
amplification is amply documented in the literature (Kwok et aL, 1990). 

Tne amplification method used can be either polymerase chain reaction (PGR; Saiki 
et aL, 1988), iigase chain reaction (LCR; Landgren et aL, 1988; Wu & Wallace, 1989; 
Barany, 1991), nucleic acid sequence-based amplification (NASBA; Guatelli et aL, 1990; 
Corapton. 1991), transcription-based amplification system (TAS; Kwohetzl., 1989), strand 
displacement amplification (SDA; Duck, 1990; Walker et aL, 1992) or amplification by 
means of QG replicase (Lizardi et aL, 1988; Lomeii et aL, 1989) or any other suitable 
method to amplify nucleic acid molecules known in the art. 

The oligonucleotides used as primers or probes may also comprise nucleotide 
analogues such as phosphorothioates (MatsukuraetaL, 1987), alkylphosphorothioates (Miller 
et aL, 1979) or peptide nucleic acids (Nielsen et aL, 1991; Nielsen et aL, 1993) or may 
contain intercalating agents (Asseline et aL, 1984). 

As most other variations or modifications introduced into the original DNA sequences 
of the invention these variations will necessitate adaptions with respect to the conditions 
under which the oligonucleotide should be used to obtain the required specificity and 
sensitivity. However the eventual results of hybridisation will be essentially the same as those 
obtained with the unmodified oligonucleotides. 

The introduction of these modifications may be advantageous in order to positively 
influence characteristics such as hybridization kinetics, reversibility of the hybrid-formation, 
biological stability of the oligonucleotide molecules, etc. 

The term "solid support" can refer to any substrate to which an oligonucleotide probe 
can be coupled, provided that it retains its hybridization characteristics and provided that the 
background level of hybridization remains low. Usually the solid substrate will be a 
microliter plate, a membrane (e.g. nylon or nitrocellulose) or a microsphere (bead). Prior 
to application to the membrane or fixation it may be convenient to modify the nucleic acid 
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probe in order co facilitate fixation or improve the hybridization efficiency. Such 
modifications may encompass homopolymer tailing, coupling with different reactive grouos 
such as aliphatic groups. NH : groups, SH groups, carboxylic groups, or coupling with biotin, 
haptens or proteins. 

The term "labelled'' refers to the use of labelled nucleic acids. Labelling may be 
carried out by the use of labelled nucleotides incorporated during the polymerase step of the 
amplification such as illustrated by Saiki et al. (1988) or Bej et al. (1990) or by the use of 
labelled primers, or by any other method known to the person skilled in the an. Tne nature 
of the label may be isotonic (^P, ^S, etc.) or non-isotopic (biotin, digoxigenin, etc.). 

Tne "sample 1 * may be any biological material taken either directly from the infected 
human being (or animal), or after culturing (enrichment), or a sample taken from food or 
feed. Biological material may be e.g. expectorations of cmy kind, broncheoiavages, blood, 
skin tissue, biopsies, lymphocyte blood culture material, colonies, etc. Said samples may be 
prepared or extracted according to any of the techniques known in the an. 

The "target* material in these samples may be either genomic DNA or precursor 
RNA of the organism to be detected (= target organism), or amplified versions thereof as 
set out above. More specifically, the nucleic acid sequence of the target material is localized 
in the spacer region of the target organism(s). 

Detection and identification of the target material can be performed by using one of 
the many electrophoresis methods, hybridization methods or sequencing methods described 
in literature and currendy known by men skilled in the art. However, a very convenient and 
advantageous technique for the simultaneous detection of nucleic acids possibiy present in 
biological samples is the Line Probe Assay technique. The Line Probe Assay (LiPA) is a 
reverse hybridizadon format (Saiki et al., 1989) using membrane strips onto which several 
oligonucleotide probes (including negative or positive control oligonucleotides) can be 
conveniently applied as parallel lines. 

The LiPA technique, as described by Stuyver et al. (1993) and in international 
application WO 94/12670, provides a very rapid and user-friendly hybridization test. Results 
can be read within 4 h. after the start of the amplification. After amplification during which 
usually a non-isotopic label is incorporated in the amplified product, and alkaline 
denaturation, the amplified product is contacted with the probes on the membrane and the 
hybridization is carried out for about 1 to 1,5 h. Consequently, the hybrids formed are 
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detected by an enzymatic procedure resulting in a visual purple-brown precipitate. The LiPA 
format is completely compatible with commercially availabe scanning devices, thus rendering 
automatic interpretation of the results possible. Ail those advantages make the LiPA format 
liable for use in a routine setting. 

The LiPA format is aot only an advantageous tool for identification and detection of 
paihogens at the species level but also at higher or lower taxonomical levels. For instance, 
probe-configurations on LiPA strips can be selected in such a manner that they can detect a 
complete genus (e.g. Neisseria . Listeria , etc.) or can identify subgroups within a genus (e.g. 
subgroups in the Mycobacterium avium-inTOcellulare-scrofalaceum complex) or can in some 
cases even detect subtypes (subspecies, serovars, sequevars, biovars, etc. whatever is 
clinically relevant) within a species. 

It should be stressed that the ability :o simultaneously generate hyhridiz?non results 
witn a number of probes is an outstanding benefit of the LiPA technology. In many cases the 
amount of information which can be obtained by a particular combination of probes gready 
outnumbers the data obtained by using single probe assays. Therefor the selection of probes 
on the membrane strip is of utmost importance since an optimized set of probes will generate 
the maximum of information possible. This is more particularly exemplified further herein. 

The fact that different probes can be combined on one strip also offers the possibility 
to conveniently cope with a lack of sensitivity due to sequence heterogenity in the target 
region of the group of organisms to be detected. Due to this heterogenity, two or more 
probes may be required to positively identity all organisms of the paricuiar group. Tnese 
probes can be applied to membrane strips at different locations and the result is interpreted 
as positive if at least one of these probes is positive. Alternatively these probes can be 
applied as a mixture at the same location, hereby reducing the number of lines on a strip. 
This reduction may be convenient in order to make the strip more concise or to be able to 
extend the total number of probes on one strip. Another alternative approach, in view of its 
practical benefits, is the synthesis of oligonucleotides harbouring the sequences of two (or 
more) different probes (^degenerate probes) which then can be further processed and applied 
to the strip as one oligonucleotide molecule. This approach would considerably simplify the 
manufacturing procedures of the LiPA-strips. For example, probes with nucleotide sequences 
A and B are both required to detect all strains of taxon X. In the latter alternative a probe 
can be synthesized having the nucleotide sequence AB. This probe will have the combined 
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characteristics of probes A and B. 

By virtue of the above-mentioned properties the LiPA system can be considered as 
a preferential format for a hybridization method wherein several organisms need to be 
detected simultaneously in a sample. Moreover, as described in the examples section, the 
LiPA system is a preferred format for a selection method for the experimental evaluation and 
selection of theoretically designed probes. 

However, it should be clear that any other hybridization assay, whereby different 
probes are used under the same hybridization and wash conditions can be used for the above- 
mentioned detection and/or selection methods. For example, it may be possible to immobilize 
the target nucleic acid to a solid support, and use mixtures of different probes, all differently 
labeled, resulting in a different detection signal for each of the probes hybridized to the 
target. 

As an example, the procedure to be followed for the detection of one or more 
organisms in a sample using the LiPA format is outlined below : 

First, the nucleic acids of the organism(s) to be detected in the sample, is made 
available for amplification and/or hybridization. 

Secondly, the nucleic acids, if present, are amplified with one or another target 
amplification system, as specified below. Usually, amplification is needed to enhance 
the subsequent hybridization signal. However for some samples or some organisms 
amplification might not be necessary. This might also be the case if, for the detection 
of the hybrids formed, highly sensitive signal-amplification systems are used. 
Thirdly, eventually after a denamration step, the nucieic acids present in the sample 
or the resulting amplified product are contacted with LiPA strips onto which one or 
more DNA-probes, allowing the detection of the organisms of interest, are 
immobilized, and hybridization is allowed to proceed. 

Finally, eventually after having performed a wash step, the hybrids are detected using 
a convenient and compatible detection system. From the hybridization signals or 
patterns observed the presence or absence of one or several organisms screened for 
in that particular biological sample can be deduced. 

The amplification system used may be more or less universal, depending on the 
specific application needed. 

By using universal primers located in the conserved flanking regions (16S and 23S 
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gene) of the rRNA spacer, the spacer region of most if act all organisms of eubacterial origin 
will be amplified. The same result may be obtained by using a combination of different sets 
of primers with reduced universality (multiplex amplification, Le. an amplification procedure 
in which two or more primer sets are used simultaneously in one and the same reaction 
mixture). 

For some applications it may be appropiate to amplify not all organisms present in 
the sample but more specifically, beforehand defined taxa. This may be achieved using 
specific primers located either in less conserved parts of the flanking genes of the spacers 
(e.g. MYCP1-5 for amplification of the spacer region of mycobacteria) or located in the 
spacers themselves (e.g. US-P1-P7 , BRU-PM, CHTR-P1-2 and YEC-P1-2 for specific 
amplification of the spacer regionfs) of Listeria species, Brucella species, Chlamydia 
tr achomatis , and Yersinia enterocoiitica respectively). 

The present invention thus provides a method for detection and identification of at 
least one micro-organism, or for the simultaneous detection of several micro-organisms in 
a sample, comprising the steps of: 

(i) if need be releasing, isolating and/or concentrating the polynucieic acids from the 
micro-organism(s) to be detected in the sample; 

(ii) if need be amplifying the 16S-23S rRNA spacer region, or a pan of it, from the 
micro-organism(s) to be detected, with at least one suitable primer pair; 

(iii) hybridizing the polynucieic acids of step (i) or (ii) with a set of probes comprising at 
least two probes, under the same hybridization and wash conditions, with said probes 
being selected from the sequences of table la or equivalents thereof and/or from 
taxon-specific probes derived from any of the spacer sequences represented in figs. 
1-103, with said taxon-specific probe being selected such that it is capable of 
hybridizing under the same hybridization and wash conditions as at least one of the 
probes of table la; 

(iv) detecting the hybrids formed in step (iii); 

(v) identification of the micro-organism(s) present in the sample from the differential 
hybridization signals obtained in step (iv). 

The probes as mentioned in table la are all selected in such a way that they show the 
desired hybridization characteristics at a hybridization and wash temperature of 50°C in a 
preferred hybridization and wash medium of 3X SSC and 20% formamide. 
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The term "equivalents" of a probe, aiso called Variants* or " homologies " or 
'•obvious derivatives*, refers to probes differing in sequence from any of the probes specified 
in table 1 either by addition to or removal from any of their respective extremities of one or 
several nucleotides, or by changing one or more nucleotides within said sequences, or a 
combination of both, provided that said equivalents still hybridize with the same RNA or 
DNA target as the corresponding unmodified probe sequence. Said equivalents share at least 
75% homology, preferably more than 80%, most preferably more than 85% homology with 
the corresponding unmodified probe sequence. It should be noted that, when using an 
equivalent of a probe, it may be necessary to modify the hybridization conditions to obtain 
the same specificity as the corresponding unmodified probe. As a consequence, since it is 
the aim of this invention to use a set of probes which work under the same hybridization and 
wash conditions, it will also be necessary to modify accordingly the sequence of the other 
probes, belonging to the same set as the original unmodified probe. These modifications can 
be done according to principles known in the art, e.g. such as those described in Haines B 
and Higgins S (Eds): Nucleic acid hybridization. Practical approach. IRL Press. Oxford, UK, 
1985. 

The invention also provides for a method to select taxon-specific probes from the 
spacer region sequenced) of said caxon, said probes being selected such that they show their 
desired hybridization characteristics under unified hybridization and wash conditions. 

The term "unified" conditions means that these conditions are the same for the 
different probes enabling the detection of different taxa. 

Preferentially, the present invention provides for a method as described above wherein 
at least 2 micro-organisms are detected simultaneously. 

In a preferred embodiment, the set of probes as described in step (iii) is comprising 
at least two probes being selected from the sequences of table la, or equivalents thereof. 

In another embodiment, the set of probes as described in step (iii) is comprising at 
least one probe being selected from the sequences of table la, or equivalents thereof, and at 
least one taxon-specific probe derived from any of the spacer sequences as represented in 
figs. 1-103. 

In still another embodiment, the set of probes as described in step (iii) is comprising 
at least two taxon-specific probes derived from any of the spacer sequences as represented 
in figs. 1-103. 
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The present invention also provides for a method as described above, wherein the 
probes as specified in step (iii) are combined with at least one other probe, preferentially also 
from the 16S-23S rRNA spacer region, enabling the simultaneous detection of different 
pathogenic bacteria liable to be present in the same .sample. 

The organisms of clinical relevance present in biological samples may vary 
considerably depending on the origin of the sample. The most common pathogenic bacteria 
which may be found in sputum samples, or in samples originating from the respiratory tract, 
are : 

Moraxella catarrhalis 
Streptococcus pneumoniae 
Haemophilus influenzae 
Pseudomonas aeruginosa 
Mycoplasma pneumoniae 
Acinetobacter species 
Mycobacterium species 
Staphylococcus aureus 
Legionella pneumophila 
A LiPA-strip harbouring spacer-probes enabling the detection of most if not all of 
these organisms would be extremely benificial for reasons explained above. 

Evidently, this also applies for other biological samples, as there are : 
cerebrospinal fluid, urogenital samples, gastrointestinal samples, blood, urine, food products, 
soil, etc. For example, a preferred panel for cerebrospinal fluid would contain probe 
combinations enabling the detection and differentiation of the following organisms : 
Neisseria meningitidis 
Streptococcus pneumoniae 
Streptococcus agaiactiae 
Listeria monocytogenes 
Mycobacterium tuberculosis 
For some of the above mentioned organisms, spacer probes were already designed in 
a previous patent application (WO 91/16454). In order to be able to detect most pathogens 
possibly present in a sample in a single test, the probes of the present invention may be 
combined with at least one of the probes of WO 91/16454, or their obvious derivatives as 
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specified in WO 91/16454. For clarity, these probes are listed hereafter: 
Neisseria gonorrheoae : NGI1: CGATGCGTCGTTATTCTACTTCGC 

NGI2: TTCGTTTACCTACCCGTTGACTAAGTAAGCAAAC 
Neisseria meningitidis : NMI1: GGTCAAGTGTGACGTCGCCCTG 

NMI2: GTTCTTGGTCAAGTGTGACGTC 
NMD: GCGTTCGTTATAGCTATCTACTGTGC 
NMI4: TGCGTTCGATATTGCTATCTACTGTGCA 
NMI5: TITTGTrCTTGGTCAAGTGTGACGTCGCCCTGAA 

TGG ATTCTGTTC C ATT 
NMI6: TTTGCCTAACATTCCGTTGACTAGAACATCAGAC 
Haemophilus ducrevi HDI1: TTATTATGCGCGAGGCATATTG 
Branhamella catharralis BCI1: TTAAACATCTTACC.AAAG 

BCI2: TTGATGTTTAAACTTGCTTGGTGGA 
CCACACCCATC CTCTGG ACAGGCTT 
ACGCATCAAATTGACCGCACTT 
ACTTTGAAGTGAAAACTTAAAG 
AATCGAAAGGTTCAAATTGTT 
GGAAACCTGCCATTTGCGTCTT 
SAI3: TCCACGATCTAGAAATAGATTGTAGAA 
SAI4: TCTAGTTTTAAAGAAACTAGGTT 
Streptococcus pneumoniae SPI1: GTGAGAGATC AC CAAGTAATGCA 

SPI2: AGGAACTGCG CATTGGTCTT 
SPI3: GAGTTTATGACTGAAAGGTCAGAA 
The invention thus provides for a method as described above, wherein said sample 
is originating from the respiratory tract, and wherein the set of probes as defined in step (Hi) 
comprises at least one probe chosen from the following spacer probes: 



Bordetella pertussis BPI1: 
Haemophilus influenzae Hill: 

HII2: 

Streptococcus agalactiae SAI1: 

SAC: 



MYC-ICG-1 : ACTGGATAGTGGTTGCGAGCATCTA 
MYC-ICG-22 : CTTCTGAATAGTGGTTGCGAGCATCT 
MTB-ICG-1 : GGGTGCATGACAACAAAGTTGGCCA 
MTB-ICG-2 : GACTTGTTCCAGGTGTTGTCCCAC 
MTB-ICG-3 : CGGCTAGCGGTGGCGTGTTCT 
MAI-ICG-1 : C AACAGC AAATG ATTG CC AG AC ACAC 



(SEQ ID NO 1) 
(SEQ ID NO 2) 
(SEQ ID NO 3) 
(SEQ ID NO 4) 
(SEQ ID NO 5) 
(SEQ ID NO 6) 
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MIL-ICG- 11 : 
MIL-ICG-22 : 
MAC-ICG- 1 : 
MAV-ICG-l : 
MAV-ICG-22 : 
MIN-ICG-1 : 
MIN-ICG-2 : 
MIN-ICG-22 : 
MIN-ICG-222 : 
MIN-ICG-2222 
MAL-ICG-1 : 
-MHEF-ICG-1 : 
MAH-ICG-1 : 

MCO-ICG-11 : 
MTH-ICG-11 : 
MTH-ICG-2 : 
MEF-ICG-11 : 
MSC-ICG-I : 
MKA-ICG-1 : 
MKA-ICG-2 : 
MKA-ICG-3 : 
MKA-ICG-4 : 
MKA-ICG-5 : 
MKA-ICG-6 : 
MKA-ICG-7 : 
MKA-ICG-8 : 
MKA-ICG-9 : 
MKA-ICG-10 
MCH-ICG-1 
MCH-ICG-2 
MCH-ICG-3 



GAGGGGTTCCCGTCTGTAGTG 
TGAGGGGTTCTCGTCTGTAGTG 
CACTCGGTCGATC CGTGTGGA 
TCGGTCCGTCCGTGTGGAGTC 
GTGGCCGGC GTTC ATCGAAA 
GCATAGTCCTTAGGGCTGATGCGTT 
GCTGATGCGTTCGTCGAAATGTGTA 
CTG ATGC GTTC GTCG AAATGTGT 
TGATGCGTTCGTCGAAATGTGT 
: GGCTGATGCGTTCGTCGAAATGTGTAA 
ACTAG ATGAACGC GTAGTCCTTGT 
TGGACGAAAACCGGGTGCACAA 



(SEQ ID NO 7) 
(SEQ ID NO 8) 
(SEQ ID NO 9) 
(SEQ ID NO 10) 
(SEQ ID NO 11) 
(SEQ ID NO 12) 
(SEQ ED NO 13) 
(SEQ ID NO 14) 
(SEQ ID NO 15) 
(SEQ ID NO 16) 
(SEQ ID NO 17) 
(SEQ ID NO 18) 



GTGTAATTTC 



rAACTCTTGTGTGTAAGTAAGTG 

(SEQ ID NO 19) 



TGGCCGGCGTGTTCATCGAAA 

GCACTTCAATTGGTGAAGTGCGAGCC 

GCGTGGTCTTCATGGCCGG 

ACGCGTGGTCCTTCGTGG 

TCGGCTCGTTCTGAGTGGTGTC 

GATGCGTTTGCTACGGGTAGCGT 

GATGCGTTGCCTACGGGTAGCGT 

ATGCGTTGCCCTACGGGTAGCGT 

CGGGCTCTGTTCGAGAGTTGTC 

CCCTCAGGGATTTTCTGGGTGTTG 

GGACTCGTCCAAGAGTGTTGTCC 

TCGGGCTTGGCCAGAGCTGTT 

GGGTGCGCAACAGCAAGCGA 

GATGCGTTGCCCCTACGGG 

CCCTACGGGTAGCGTGTTCTTTTG 

GGTGTGGACTTTGACTTCTGAATAG 

CGGCAAAACGTCGGACTGTCA 

GGTGTGGTCCTTGACTTATGGATAG 



(SEQ ID NO 20) 
(SEQ ID NO 21) 
(SEQ ID NO 22) 
(SEQ ID NO 23) 
(SEQ ID NO 24) 
(SEQ ID NO 25) 
(SEQ ID NO 26) 
(SEQ ID NO 27) 
(SEQ ID NO 28) 
(SEQ ID NO 182) 
(SEQ ID NO 183) 
(SEQ ID NO 184) 
(SEQ ID NO 185) 
(SEQ ID NO 186) 
(SEQ ID NO 187) 
(SEQ ID NO 29) 
(SEQ ID NO 30) 
(SEQ ID NO 210) 
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AACACCCTCGGGTGCTGTCC 


(SEQ ID NO 31) 


MGO-ICG-2 : 


GTATGCGTTGTCGTTCGCGGC 


(SEQ ID NO 32) 


MGO-ICG-5 : 


CGTGAGGGGTCATCGTCTGTAG 


(SEQ ID NO 33) 


MUL-ICG-1 : 


GGTTTCGGGATGTTGTCCCACC 


(SEQ ID NO 175) 


MGV-ICG-1 : 


CGACTGAGGTCGACGTGGTGT 


(SEQ TD NO 176) 


MGV-ICG-2 : 


GGTGTTTGAGCATTGAA7AGTGGTTGC 


(SEQ ID NO 177) 


MGV-ICG-3 : 


TCGGGCCGCGTGTTCGTCAAA 


(SEQ ID NO 211) 


MXE-ICG-1 : 


GTTGGGCAGCAGGCAGTAACC 


(SEQ ID NO 178) 


MSMCG-1 : 


CCGGCAACGGTTACGTGTTC 


(SEQ ID NO 179) 


MFO-ICG-1 : 


TCGTTGGATGGCCTCGCACCT 


(SEQ ID NO 180) 


MFO-ICG-2 : 


ACTTGGCGTGGGATGCGGGAA 


(SEQ ID NO 181) 


MML-ICG-l : 


CGGATCGATTGAGTCCTTGTCCC 


(SEQ ID NO 188) 


MML-ICG-2 : 


TCTAAATGAACGCACTGCCGATGG 


(SEQ ED NO 189) 


MCE-ICG-1 : 


TGAGGGAGCCCGTGCCTGTA 


(SEQ ED NO 190) 


MHP-ICG-1 : 


CATGTTGGGCTTGATCGGGTGC 


(SEQ ED NO 191) 


PA-ICG I : 


TGGTGTGCTGCGTGATCCGAT 


(SEQ ED NO 34) 


PA-ICG 2 : 


TGAATGTTCGTGGATGAACATTGATT 


(SEQ ID NO 35) 


PA-ICG 3 : 


CACTGGTGATCATTCAAGTCAAG 


(SEQ ID NO 36) 


PA-ICG 4 : 


TGAATGTTCGT(G/ A) (G/A) ATGAACATTGATTTCTGGTC 






(SEQ ID NO 37) 


PA-ICG 5 : 


CTCrrrCACTGGTGATCATTCAAGTCAAG 


(SEQ ID NO 38) 


MPN-ICG 1 : 


ATCGGTGGTAAATTAAACCCAAATCCCTGT 


(SEQ ID NO 49) 


MPN-ICG 2 : 


CAGTTCTGAAAGAACATTTCCGCTTCTTTC 


(SEQ ED NO 50) 


MGE-ICG I : 


CACCCATTAA'lTlTlTCGGTGTrAAAACCC 


(SEQ ID NO 51) 



Mycoplasma-ICG : CAAAACTGAAAACGACAATCTTTCTAGTTCC (SEQ ID NO 52) 

STAU-ICG 1 : TACCAAGCAAAACCGAGTGAATAAAGAGTT (SEQ ID NO 53) 

STAU-ICG 2 : CAGAAGATGCGGAATAACGTGAC (SEQ ID NO 54) 

STAU-ICG 3 : AACGAAGCCGTATGTGAGCATTTGAC (SEQ ID NO 55) 

STAU-ICG 4 : GAACGTAACrTCATGTTAACGTTTGACTTAT (SEQ ID NO 56) 

ACI-ICG 1 : GCTTAAGTGCACAGTGCTCTAAACTGA (SEQ ID NO 57) 

ACI-ICG 2 : CACGGTAATTAGTGTGATCTGACGAAG (SEQ ID NO 58) 
and more preferably from the following spacer probes: 
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MYC-ICG-1 : ACTGGA7AGTGGTTGCGAGCATCTA 
MYC-ICG-22 : CTTCTGAATAGTGGTTGCGAGCATCT 
MTB-ICG-1 : GGGTGCATGACAACAAAGTTGGCCA 
MTB-ICG-2 : GACTTGTTCCAGGTGTTGTCCCAC 
MTB-ICG-3 : CGGCTAGCGGTGGCGTGTTCT 
MAI-ICG- 1 : CAACAGCAAATGATTGCCAGACACAC 
MIL-ICG-11 : GAGGGGTTCCCGTCTGTAGTG 
MIL-ICG-22 : TGAGGGGTTCTCGTCTGTAGTG 
MAC-ICG-1 : CACTCGGTCGATCCGTGTGGA 
MAV-ICG-1 : TCGGTCCGTCCGTGTGGAGTC 
MAV-ICG-22 : GTGGCCGGCGTTCATCGAAA 
MIN-ICG-1 : GCA7AGTCCTTAGGGCTGA7GCGTT 
MAL-ICG-1 : ACTAGATGAACGCGTAGTCCTTGT 
MCO-ICG-11 : TGGCCGGCGTGTTCATCGAAA 
MTH-ICC-1 1 : GCACTTCAATTGGTGAAGTGCGAGCC 
MTH-ICG-2 : GCGTGGTCTTCATGGCCGG 
MEF-ICG-11 : ACGCGTGGTCCTTCGTGG 
MSC-ICG-1 : TCGGCTCGTTCTGAGTGGTGTC 
MKA-ICG-3 : ATGCGTTGCCCTACGGGTAGCGT 
MKA-ICG-4 : CGGGCTCTGTTCGAGAGTTGTC 
MKA-ICG-5 : CCCTCAGGGATTTTCTGGGTGTTG 
MKA-ICG-6 : GGACTCGTCCAAGAGTGTTGTCC 
MKA-ICG-7 : TCGGGCTTGGCCAGAGCTGTT 
MKA-ICG-8 : GGGTGCGCAACAGCAAGCGA 
MKA-ICG-9 : GATGCGTTGCCCCTACGGG 
MKA-ICG-10 : CCCTACGGGTAGCGTGTTCTTTTG 
MCH-ICG-1 : GGTGTGGACTTTGACTTCTGAATAG 
MCH-ICG-2 : CGGCAAAACGTCGGACTGTCA 
MCH-ICG-3 : GGTGTGGTCCTTGACTTATGGATAG 
MGO-ICG-5 : CGTGAGGGGTCATCGTCTGTAG 
MUL-ICG-1 : GGTTTCGGGATGTTGTCCCACC 
MGV-ICG-1 : CGACTGAGGTCGACGTGGTGT 
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(SEQ ID NO 1) 
(SEQ ID NO 2) 
(SEQ ID NO 3) 
(SEQ ID NO 4) 
(SEQ ID NO 5) 
(SEQ ID NO 6) 
(SEQ ID NO 7) 
(SEQ ID NO 3) 
(SEQ ID NO 9) 
(SEQ ID NO 10) 
(SEQ ID NO 11) 
(SEQ ID NO 12) 
(SEQ ID NO 17) 
(SEQ ID NO 20) 
(SEQ ID NO 21) 
(SEQ ID NO 22) 
(SEQ ID NO 23) 
(SEQ ID NO 2*) 
(SEQ ID NO 27) 
(SEQ ID NO 28) 
(SEQ ID NO 182) 
(SEQ ID NO 183) 
(SEQ ID NO 184) 
(SEQ ID NO 185) 
(SEQ ID NO 186) 
(SEQ ID NO 187) 
(SEQ ID NO 29) 
(SEQ ID NO 30) 
(SEQ ID NO 210) 
(SEQ ID NO 33) 
(SEQ ID NO 175) 
(SEQ ID NO 176) 



<3!Rsrrnrrc swpht /rjii c jp,\ 



WO 9*/002?8 



PCT/EP95/02452 





23 




MGV-ICG-2 : 


GGTGTTTGAGCATTGAATAGTGGTTGC 


(SEQ ID NO 177) 


MGV-ICG-3 : 


TCGGGCCGCGTGTTCGTCAAA 


(SEQIDN0 211) 


MXE-ICG-1 : 


GTTGGGCAGCAGGCAGTAACC 


(SEQ ID NO 178) 


MSMCG-l : 


CCGGCAACGGTTACGTGTTC 


(SEQ ID NO 179) 


MFO-ICG-1 : 


TCGTTGGATGGCCTCGCACCT 


(SEQ ID NO 180) 


MHMCG-2 : 


ACTTGGCGTGGGATGCGGGAA 


(SEQ ID NO 181) 


MML-ICG-1 : 


CGGATCGATTGAGTGCTTGTCCC 


(SEQ ID NO 188) 


MML-ICG-2 : 


TCTAAATGAACGCACTGCCGATGG 


(SEQ ID NO 189) 


MCE-ICG-1 : 


TGAGGGAGCCCGTGCCTGTA 


(SEQ ID NO 190) 


MHP-ICG-1 : 


CATGTTGGGCTTGATCGGGTGC 


(SEQ ID NO 191) 



PA-ICG 1 : TGGTGTGCTGCGTGATCCGAT (SEQ ID NO 34) 

PA-ICG 4 : TGAATGTTCGT(G/A)(G/A)ATGAACATTGATTTCTGGTC 

(SEQ ID NO 37) 

PA-ICG 5 : CTCTTTCACTGGTGATC\TTCAAGTCAAG (SEQ ID NO 38) 

MPN-ICG 1 : ATCGGTG GTAAATTAAACCC AAATCCCTGT (SEQ ID NO 49) 
MPN-ICG 2 : CAGTTCTGAAAGAACATITCCGCTTCTTTC (SEQ ID NO 50) 

MGE-ICG 1 : CACCCATTAATTTTTTCGGTGTTAAAACCC (SEQ ID NO 51) 
Mycoplasma-ICG : CAAAACTGAAAACGACAATCTTTCTAGTTCC (SEQ ID NO 52) 
STAU-ICG I : TACCAAGCAAAACCGAGTGAATAAAGAGTT (SEQ ID NO 53) 
STAU-ICG 2 : CAGAAGATGCGGAATAACGTGAC (SEQ ID NO 54) 

STAU-ICG 3 : AACGAAGCCGTATGTGAGCATTTGAC (SEQ ID NO 55) 

STAU-ICG 4: GAACGTAACTTCATGTTAACGTTTGACTTAT (SEQ ED NO 56) 
ACI-ICG 1 : GCTTAAGTGCACAGTGCTCTAAACTGA (SEQ ID NO 57) 

ACI-ICG 2 : CACGGTAATTAGTGTGATCTGACGAAG (SEQ ID NO 58) 

or equivalents of said probes, 

and/or wherein the set of probes comprises at least one taxon-specific probe derived from the 
spacer region sequence corresponding to one of the micro-organisms to be detected in said 
sample, said spacer region sequence being chosen from any of the sequences as represented 
by SEQ ID NO 76 to 106, 157 to 174, 124, 125, Hi to 115, 139 to 144, or 126 to 130, 
and with said probes or equivalents being possibiy used in combination with any probe 
detecting at least one of the following organisms: Haemophilus influenzae . Srre ptococcus 
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pneumoniae . Moraxella catarrhal is or BordeteKa pertussis . 

The above mentioned probes of the invention are designed for the detection of 
Mycobacterium species (SEQ ID NO 1 to 33 and 175 to 191), of Pseudomonas aeruginosa 
(SEQ ID NO 34 to 38), of Mycoplasma species (SEQ ID NO 49 to 52), of Staphylococcus 
aureus (SEQ ID NO 53 to 56) and of Acinetobacter baumanU (SEQ ID NO 57 and 58). 

Preferentially, at least two, three, four, five, six, seven, eight or more of said probes 
are used simultaneously. 

The invention also relates to a method as described above, wherein said sample is a 
sample taken from die cerebrospinal fluid, and wherein the set of probes as described in step 
(iii) comprises at least one probe chosen from the following spacer probes: 
MYC-ICG-l : ACTGGATAGTGGTTGCGAGCATCTA (SEQ ID NO 1) 

MYC-ICG-22: CTTCTGAATAGTGGTTGCGAGCATCT (SEQ ID NO 2) 

MTB-ICG-1 : GGGTGCATGACAACAAAGTTGGCCA (SEQ ID NO 3) 

MTB-ICG-2 : GACTTGTTCCAGGTGTTGTCCCAC (SEQ ID NO 4) 

MTB-ICG-3 : CGGCTAGCGGTGGCGTGTTCT (SEQ ID NO 5) 

US-ICG 1 : CAAGTAACCGAGAATCATCTGAAAGTGAATC (SEQ ID NO 39) 
LMO-ICG 1 : AAACAACCTTTACTTCGTAGAAGTAAATTGGTTAAG 

(SEQ ID NO 40) 

LMO-ICG 2 : TGAGAGGTTAGTACTTCTCAGTATGTTTGTTC (SEQ ID NO 41) 
LMO-ICG 3 : AGGCACTATGCTTGAAGCATCGC (SEQ ID NO 42) 

LISP-ICG 1: CGTTTTCATAAGCGATCGCACGTT (SEQ ID NO 212) 

and preferably from the following spacer probes: 

MYC-ICG-1 : ACTGGATAGTGGTTGCGAGCATCTA (SEQ ID NO 1) 

MYC-ICG-22 : CTTCTGAATAGTGGTTGCGAGCATCT (SEQ ID NO 2) 

MTB-ICG-1 : GGGTGCATGACAACAAAGTTGGCCA (SEQ ID NO 3) 

MTB-ICG-2 : GACTTGTTCCAGGTGTTGTCCCAC (SEQ ID NO 4) 

MTB-ICG-3 : CGGCTAGCGGTGGCGTGTTCT (SEQ ID NO 5) 

LIS-ICG 1 : CAAGTAACCGAGAATCATCTGAAAGTGAATC (SEQ ID NO 39) 

LMO-ICG 3 : AGGCACTATGCTTGAAGCATCGC (SEQ ID NO 42) 

LISP-ICG 1: CGTTTTCATAAGCGATCGCACGTT (SEQ ID NO 212) 
or equivalents of said probes, 
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and/or wherein the set of probes comprises at least one taxon-specific probe derived from the 
spacer region sequence corresponding to one of the micro-organisms to be detected in said 
sample, said spacer region sequence being chosen from any of the sequences as represented 
by SEQ ID NO 116, 118-121. or 213-215, 

and with said probes or equivalents being possibly used in combination with any probe 
detecting at least one of the following organisms: Neisseria meningitidis . Haemophilus 
jiffueigae or Streptococcus pneumoniae . 

The above mentioned probes of the invention are designed for the detection of 
Mycobacterium species, and more particularly Mycobacterium tuberculosis (SEQ ID NO I 
to 5), and of Listeria species,* more particularly Listeria monocytogenes (SEQ ID NO 39 to 
42). 

Preferentially, at least two, three, four, fr:z. six, seven, eight or more of said probes 
are used simultaneously. 

The invention also relates to a method as described above, wherein said sample is a 
sample taken from the urogenital tract, and wherein the set of probes as described in step (iii) 
comprises at least one probe chosen from the following spacer probes: 
CHTR-ICG 1 : GGAAGAAGCCTGAGAAGGTITCTGAC (SEQ ID NO 45) 

CHTR-ICG 2: GCATTTATATGTAAGAGCAAGCATTCTATTTCA (SEQ ID NO 46) 
CHTR-ICG 3 : GAGTAGCGTGGTGAGGACGAGA (SEQ ID NO 47) 

CHTR-ICG 4 : GAGTAGCGCGGTGAGGACGAGA (SEQ ID NO 201) 

CHPS-ICG 1 : GGATAACTGrCTTAGGACGGTTTGAC (SEQ ID NO 48) 

MGE-ICG 1 : C ACCC ATTAA IT 1 T 1 ' 1 CGGTGTTAAAACCC (SEQ ID NO 51) 

Mycoplasma-ICG : CAAAACTGAAAACGACAATCTTTCTAGTTCC (SEQ ID NO 52) 
or equivalents of said probes, 

and/or wherein the set of probes comprises at least one caxon-specific probe derived from the 
spacer region sequence corresponding to one of the micro-organisms to be detected in said 
sample, said spacer region sequence being chosen from any of the sequences as represented 
by SEQ ID NO 122, 123, 197, 124 or 125, 

with said probes or equivalents being possibly used in combination with any probe detecting 
at least one of the following organisms: Neisseria gonorrhoeae . Haemophilus ducreyi or 
Streptococcus agalactiae . 

The above mentioned probes of the invention are designed for the detection of 



WO 96/00298 



PCT/EP9S/02452 



26 



LMO-ICG 1 : 

LMO-ICG 2 
LMO-ICG 3 
LIV-ICG 1 : 



Chlamydia species (SEQ ID NO 45 to 48 and 201) and of Mycoplasma species (SEQ ID NO 
51 and 52). 

Preferentially, at least two, three, four, five, six or seven of said probes are used 
simultaneously. 

The invention also relates to a method as described above, wherein said sample is a 
sample taken from food, and wherein the set of probes as defined in step (iii) comprises at 
least one probe chosen from the following spacer probes: 

LIS-ICG 1 : CAAGTAACCGAGAATCATCTGAAAGTGAATC (SEQ ID NO 39) 
AAACAACCTTTACTrCGTAGAAGTAAATTGGTTAAG 

(SEQ ID NO 40) 

TGAGAGGTTAGTACTTCTCAGTATnTTTGTTC (SEQ ID NO 41) 
AGGCACTATGCTTGAAGCATCGC (SEQ ID NO 42) 

GTTAGCATAAATAGGTAACTATTTATGACACAAGTAAC 

(SEQ ID NO 43) 

LSE-ICG 1 :AGTTAGCATAAGTAGTGTAACTATTTATGACACAAG (SEQ ID NO 44) 
LISP-ICG I: CGTTTTCATAAGCGATCGCACGTT (SEQ ED NO 212) 

STAU-ICG 1 : TACCAAGCAAAACCGAGTGAATAAAGAGTT (SEQ ED NO 53) 
STAU-ICG 2 : CAGAAGATGCGGAATAACGTGAC 
STAU-ICG 3 : AACGAAGCCGTATGTGAGCATTTGAC 
STAU-ICG 4 : GAACGTAACTTCATGTTAACGTTTGACTTAT 
BRU-ICG 1 : CGTGCCGCCrTCGTTTCrCTTT 
BRU-ICG 2 : TTCGCTTCGGGGTGGATCTGTG 
BRU-ICG 3 : GCGTAGTAGCGTTTGCGTCGG 

BRU-ICG 4 : CGCAAGAAGCTTGCTCAAGCC 

SALM-ICG 1 : CAAAACTGACTTACGAGTCACGTTTGAG 

SALM-ICG 2 : GATGTATGCTTCGTTATTCCACGCC 

STY-ICG 1 : GGTCAAACCTCCAGGGACGCC 

SED-ICG1 : GCGGTAATGTGTGAAAGCGTTGCC 

YEC-ICG 1 : GGAAAAGGTACTGCACGTGACTG 

YEC-ICG 2 : GACAGCTGAAACTTATCCCTCCG 

YEC-ICG 3 : GCTACCTGTTGATGTAATGAGTCAC 

and preferably from the following spacer probes: 



(SEQ ED NO 54) 
(SEQ ED NO 55) 
(SEQ ED NO 56) 
(SEQ ID NO 59) 
(SEQ ED NO 60) 
(SEQ ED NO 193) 
(SEQ ED NO 194) 
(SEQ ID NO 61) 
(SEQ ID NO 62) 
(SEQ ID NO 63) 
(SEQ ID NO 64) 
(SEQ ID NO 198) 
(SEQ ID NO 199) 
(SEQ ID NO 200) 
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LIS-ICG 1 : 


i» i 

CAAGTAACCGAGAATCATCTGAAAGTGAATC 


(SEQ ID NO 39) 


LMO-ICG 3 : 


AGGCACTATGCT7GAAGCATCGC 


(SEQ ID NO 42) 


LISP-rCG 1: 


CGTTTTCATAAGCGATCGCACGTT 


(SEQ ID NO 212) 


STAU-ICG 1 : 


TACCAAGCAAAACCGAGTGAATAAAGAGTT 


(SEQ ID NO 53) 


STAU-ICG 2 : 


CAGAAGATGCGGAATAACGTGAC 


(SEQ ID NO 5*) 


STAU-ICG 3 : 


AACGAAGCCGTATGTGAGCATTTGAC 


(SEQ ID NO 55) 


STAU-ICG 4 : 


GAACGTAACTTCA7GTTAACG' IT l'GACTTAT 


(SEQ ID NO 36) 


BRU-ICG 2 : 


TTCGCTTCGGGGTGGATCTGTG 


(ScQ ID NO 60) 


BRU-ICG 3 : 


GCGTAGTAGCG'l'i ' 1 GCGTCGG 


(SEQ ED NO 193) 


BRU-ICG 4 : 


CGCAAGAAGCTTGCTCAAGCC 


(SEQ ID NO 19*) 


SALM-ICG i : 


CAAAACTGACTTACGAGTCACGTTTGAG 


(SEQ ED NO ol) 


YEC-ICG 1 : 


GGAAAAGGTACTGCACGTGACTG 


(SEQ ID NO 198) 


YEC-ICG 2 : 


GACAGCTGAAACTTATCCCTCCG 


(SEQ ID NO 199) 


YEC-ICG 3 : 


GCTACCTGTTGATGTAATGAGTCAC 


(SEQ ED NO 200) 



or equivalents of said probes, 

and/ or wherein the set of probes comprises at least one taxon-specific probe derived from the- 
spacer region sequence corresponding to one of the micro-organisms to be detected in said 
sample, said spacer region sequence being chosen from any of the sequences as represented 
by SEQ ID NO 116, 118-121, 213-215, 139-144, 131, 132, 154, 133-138, 195 or 196, 
with said probes or equivalents being possibly used in combination with any probe detecting 
strains of Campylobacter species. 

The above mentioned probes of the invention are designed for the detection of Listeria 
species (SEQ ID NO 39 to 44), of Staphylococcus species (SEQ ID NO 53 to 56), of 
Brucella species (SEQ ID NO 59, 60, 193 and 194), of Salmonella species (SEQ ID NO 61 
to 64) and of Yersinia enterocolitica (SEQ ID NO 198 to 200). 

Preferentially, at least two, three, four, five, six, seven, eight or more of said probes 
are used simultaneously. 

The invention also relates to a method as described above, wherein said sample is a 
sample taken from the gastrointestinal tract of a patient, and wherein the set of probes as 
denned in step (iii) comprises at least one probe chosen from the following spacer probes: 
SALM-ICG 1 : CAAAACTGACTTACGAGTCACGTTTGAG (SEQ ID NO 61) 

SALM-ICG 2 : GATGTATGCTTCGTTATTCCACGCC (SEQ ID NO 62) 
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STY-ICG I : GGTCAAACCTCCAGGGACGCC (SEQ ID NO 63) 

SED-ICG 1 : GCGGTAATGTGTGAAAGCGTTGCC (SEQ ID NO 64) 

YEC-ICG I : GGAAAAGGTACTGCACGTGACTG (SEQ ID NO 198) 

YEC-ICG 2 : GACAGCTGAAACTTATCCCTCCG (SEQ ID NO 199) 

YEC-ICG 3 : • GCTACCTGTTGATGTAATGAGTCAC (SEQ ID NO 200) 

and preferably from the following spacer probes: 

SALM-ICG I : CAAAACTGACTTACGAGTCACGTTTGAG (SEQ ID NO 61) 

YEC-ICG I : GGAAAAGGTACTGCACGTGACTG (SEQ ID NO 198) 

YEC-ICG 2 : GACAGCTGAAACTTATCCCTCCG (SEQ ED NO 199) 

YEC-ICG 3 : GCTACCTGTTGATGTAATGAGTCAC (SEQ ID NO 200) 

or equivalents of said probes, 

and/or wherein the set of probes comprises at least one taxon -specific probe derived from the 
spacer region sequence corresponding to one of the micro-organisms to be detected in said 
sample, said spacer region sequence being chosen from any of the sequences as represented 
by SEQ ID NO 133-138 or 195-196, 

with said probes or equivalents being possibly used in combination with any probe detecting 
Campylobacter species. 

The above mentioned probes of the invention are designed to detect Salmonella 
species (SEQ ID NO 61 to 6-i) and Yersinia enterocolitis (SEQ ID NO 198 to 200). 

Preferentially, at least two, three, four, five, six or seven of said probes are used 
simultaneously. 

The invention also relates to the use of the selected probes or their equivalents for the 
detection of specific bacterial taxa, said taxa being either a complete genus, or a subgroup 
within a genus, a species, or even a subtype within a species. 

Tne invention thus provides for a method as described above to detect and identify 
one or more strains of Mycobacterium species and subspecies in a sample, wherein step (Hi) 
comprises hybridizing to at least one of the following probes: 

MYC-ICG-1 : ACTGGATAGTGGTTGCGAGCATCTA (SEQ ID NO 1) 

MYC-ICG-22 : CTTCTGAATAGTGGTTGCGAGCATCT (SEQ ID NO 2) 



MTB-ICG-1 
MTB-ICG-2 
MTB-ICG-3 



GGGTGCATGACAACAAAGTTGGCCA (SEQ ID NO 3) 

GACTTGTTCCAGGTGTTGTCCCAC (SEQ ID NO 4) 

CGGCTAGCGGTGGCGTGTTCT (SEQ ID NO 5) 
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MAI-ICG- 1 : 
MIL-ICG-U : 
MIL-ICG-22 : 
MAC-ICG- 1 : 
MAV-ICG-1 : 
MAV-ICG-22 : 
MIN-ICG-l : 
MDWCG-2 : 
MIN-ICG-22 : 
MIN-ICG-222 : 
MIN-ICG-2222 
MAL-ICG-1 : 
MHEF-ICG-1 : 
MAH-ICG-1 : 

MCO-ICG-11 : 
MTH-ICG-11 : 
MTH-ICG-2 : 
MEF-ICG-11 : 
MSC-ICG-1 : 
MKA-ICG-l : 
MKA-ICG-2 : 
MKA-ICG-3 : 
MKA-ICG-4 : 
MKA-ICG-5 : 
MKA-ICG-6 : 
MKA-ICG-7 : 
MKA-ICG-8 : 
MKA-ICG-9 : 
MKA-ICG-10 : 
MCH-ICG-1 : 
MCH-ICG-2 : 



CAACAGCAAATGATTGCCAGACACAC 
GAGGGGTTCCCGTCTGTAGTG 
TGAGGGGTTCTCGTCTGTAGTG 
CACTCGGTCGATCCGTGTGGA 
TCGGTCCGTCCGTGTGGAGTC 
GTGGCCGGCGTTCATCGAAA 
GCATAGTCCTTAGGGCTGATGCGTT 
GCTGATGCGTTCGTCGAAATGTGTA 
CTGATGCGTTCGTCGAAATGTGT 
TGATGCGTTCGTCGAAATGTGT 
: GGCTGATGCGTTCCTCGAAATGTGTAA 
ACTAGATGAACGCGTAGTCCTTGT 

tggacgaaaaccgggtgcacaa 

GTGTAATn 



(SEQ ID NO 6) 
(SEQ ID NO 7) 
(SEQ ID NO 8) 
(SEQ ID NO 9) 
(SEQ ID NO 10) 
(SEQ ID NO II) 
(SEQ ID NO 12) 
(SEQ ID NO 13) 
(SEQ ID NO 14) 
(SEQ ID NO 15) 
(SEQ ID NO 16) 
(SEQ ID NO 17) 
(SEQ ID NO 18) 



AACTCTTGTGTGTAAGTAAGTG 

(SEQ ID NO 19) 



TGGCCGGCGTGTTCATCGAAA 

GCACTTCAATTGGTGAAGTGCGAGCC 

GCGTGGTCTTCATGGCCGG 

ACGCGTGGTCCTTCGTGG 

TCGGCTCGTTCTGAGTGGTGTC 

GATGCGTTTGCTACGGGTAGCGT 

GATGCGTTGCCTACGGGTAGCGT 

ATGCGTTGCCCTACGGGTAGCGT 

CGGGCTCTGTTCGAGAGTTGTC 

CCCTCAGGGATTTTCTGGGTGTTG 

GGACTCGTCCAAGAGTGTTGTCC 

TCGGGCTTGGCCAGAGCTGTT 

GGGTGCGCAACAGCAAGCGA 

GATGCGTTGCCCCTACGGG 

CCCTACGGGTAGCGTGTrCTTTTG 

GGTGTGGACTTTGACTTCTGAATAG 

CGGCAAAACGTCGGACTGTCA 



(SEQ ID NO 20) 
(SEQ ID NO 21) 
(SEQ ID NO 22) 
(SEQ ID NO 23) 
(SEQ ID NO 24) 
(SEQ ID NO 25) 
(SEQ ID NO 26) 
(SEQ ID NO 27) 
(SEQ ID NO 28) 
(SEQ ID NO 182) 
(SEQ ID NO 183) 
(SEQ ID NO 184) 
(SEQ ID NO 185) 
(SEQ ED NO 186) 
(SEQ ID NO 187) 
(SEQ ID NO 29) 
(SEQ ID NO 30) 
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MGO-ICG-1 : AACACCCTCGGGTGCTGTCC (SEQ ID NO 31) 

MGO-ICG-2 : GTATGCGTTGTCGTTCGCGGC (SEQ ID NO 32) 

MGO-ICG-5 : CGTGAGGGGTCATCGTCTGTAG (SEQ ID NO 33) 

MUL-ICG-l : GGTTTCGGGATGTTGTCCCACC (SEQ ID NO 175) 

MGV-ICG-i : CGACTGAGGTCGACGTGGTGT (SEQ ED NO 176) 

MGV-ICG-2 : GGTGTTTGAGCATTGAATAGTGGTrGC (SEQ ID NO 177) 

MXE-ICG-1 : GTTGGGCAGCAGGCAGTAACC (SEQ ID NO 178) 

MSI-ICG-1 : CCGGCAACGGTTACGTGTTC (SEQ ID NO 179) 

MFO-ICG-1 : TCGTTGGATGGCCTCGCACCT (SEQ ED NO 180) 

MFO-ICG-2 : ACTTGGCGTGGGATGCGGGAA (SEQ ED NO 181) 

MML-ICG-1 : CGGATCGATTGAGTGCTTGTCCC (SEQ ID NO 188) 

MML-TCG-2 : TCTAAATGAACGCACTGCCGA7GG (SEQ ED NO 189) 

MCE-ICG-1 : TG AGGGAGC CCGTGCCTGTA (SEQ ID NO 190) 

MHP-ICG-1 : CATGTTGGGCTTGATCGGGTGC (SEQ ID NO 191) 
and more preferably to at least one probe of the following restricted group of spacer probes: 

MYC-ICG-1 : ACTGGA7AGTGGTTGCGAGCATCTA (SEQ ID NO 1) 

MYC-ICG-22: CTTCTGAATAGTGGTTGCGAGCATCT (SEQ ED NO 2) 

MTB-ICG-1 : GGGTGCATGACAACAAAGTTGGCCA (SEQ ID NO 3) 

MTB-ICG-2 : GACTTGTTCCAGGTGTTGTCCCAC (SEQ ID NO 4) 

MTB-ICG-3 : CGGCTAGCGGTGGCGTGTTCT (SEQ ID NO 5) 

MAI-ICG-1 : CAACAGCAAATGATTGCCAGACACAC (SEQ ID NO 6) 

MIL-ICG-11 : GAGGGGTTCCCGTCTGTAGTG (SEQ ED NO 7) 

MIL-ICG-22 : TGAGGGGTTCTCGTCTGTAGTG (SEQ ID NO 8) 

MAC-ICG-1 : CACTCGGTCGATCCGTGTGGA (SEQ ID NO 9) 

MAV-ICG-1 : TCGGTCCGTCCGTGTGGAGTC (SEQ ED NO 10) 

MAV-ICG-22 : GTGGCCGGCGTTCATCGAAA (SEQ ID NO 11) 

MIN-ICG-1 : G C ATAGTCCTTAGGGCTG ATGCGTT (SEQ ID NO 12) 

MAL-ICG-1 : ACTAGATGAACGCGTAGTCCTTGT (SEQ ED NO 17) 

MCO-ICG-ll : TGGCCGGCGTGTTCATCGAAA (SEQ ID NO 20) 

MTH-ICG-11 : GCACTTCAATTGGTGAAGTGCGAGCC (SEQ ID NO 21) 

MTH-ICG-2 : GCGTGGTCTTCATGGCCGG (SEQ ID NO 22) 

MEF-ICG-11 : ACGCGTGGTCCTTCGTGG (SEQ ID NO 23) 
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TCGGCTCGTTCTGAGTGGTGTC 


(SEQ ID NO 24) 


MKA-ICG-3 : 


ATGCGTTGCCCTACGGG7AGCGT 


(SEQ ID NO 27) 


MKA-ICG-4 : 


CGGGCTCTGTTCGAGAGTTGTC 


(SEQ ED NO 28) 


MKA-ICG-5 : 


CCCTCAGGGATTTTCTGGGTGTTG 


(SEQ ID NO 182) 


MKA-ICG-6 : 


GGACTCGTCCAAGAGTGTTGTCC 


(SEQ ID NO 183) 


MKA-ICG-7 : 


TCGGGCTTGGCCAGAGCTGTT 


(SEQ ID NO 184) 


MKA-ICG-8 : 


GGGTGCGCAACAGCAAGCGA 


(SEQ ID NO 185) 


MKA-ICG-9 : 


GATGCGTTGCCCCTACGGG 


(SEQ ID NO 186) 


MKA-ICG-10 : 


CCCTACGGGTAGCGTGTTCTTTTG 


(SEQ ID NO 187) 


MCH-ICG-1 : 


GGTGTGGACTTTGACTTCTGAATAG 


(SEQ ID NO 29) 


MCH-rCG-2 : 


CGGCAAAACGTCGGACTGTCA 


(SEQ ID NO 30) 


MCH-ICG-3 : 


GGTGTGGTCCTTGACTTATGGATAG 


(SEQ ID NO 210) 


MGO-ICG-5 : 


CGTGAGGGGTCATCGTCTGTAG 


(SEQ ID NO 33) 


MUL-ICG-1 : 


GGTTTCGGGATGTTGTCCCACC 


(SEQ ID NO 175) 


MGV-ICG-1 : 


CGACTGAGGTCGACGTGGTGT 


(SEQ ID NO 176) 


MGV-ICG-2 : 


GGTGTTTGAGCATTGAATAGTGGTTGC 


(SEQ ID NO 177) 


MGV-ICG-3 : 


TCGGGCCGCGTGTTCGTCAAA 


(SEQ ID NO 211) 


MXE-ICG-1 : 


GTTGGGCAGCAGGCAGTAACC 


(SEQ ID NO 178) 


MSMCG-1 : 


CCGGCAACGGTTACGTGTTC 


(SEQ ID NO 179) 


MFO-ICG-1 : 


TCGTTGGATGGCCTCGCACCT 


(SEQ ED NO 180) 


MFO-ICG-2 : 


ACTTGGCGTGGGATGCGGGAA 


(SEQ ID NO 181) 


MML-ICG-1 • 


CGGATCGATTGAGTGCTTGTCCC 


(SEQ ID NO 188) 


MML-ICG-2 : 


TCTAAATGAACGCACTGCCGATGG 


(SEQ ID NO 189) 


MCE-ICG-1 : 


TGAGGGAGCCCGTGCCTGTA 


(SEQ ID NO 190) 


MHP-ICG-1 : 


CATGTTGGGCTTGATCGGGTGC 


(SEQ ID NO 191) 



or 10 equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 76-110, or 157-174 provided said probe 
hybridizes specifically to a Mycobacterium species. 

The sequences represented by SEQ ID NO 76-110 and 157-174 are new. 

Preferentially, at least two, three, four, five, six, seven, eight or more of said probes 
are used simultaneously. 

As described above, the preferred restricted set of probes are those probes which 
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showed a sensitivity and specificity of more than 80%, preferably more than 90%, most 
preferably more than 9555, under the specific hybridization conditions as described in the 
examples section. 

In one specific embodiment, the invention provides for a method as described above 
to detect and identify one or more Mycobacterium tuberculosis complex strains in a sample, 
wherein step (iii) comprises hybridizing to at least one of the following probes: 
MTB-ICG-1 : GGGTGCATGACAACAAAGTTGGCCA (SEQ ID NO 3) 

MTB-ICG-2 : GACTTGTTCCAGGTGTTGTCCCAC (SEQ ID NO 4) 

MTB-ICG-3 : CGGCTAGCGGTGGCGTGTTCT (SEQ ED NO 5) 

or to equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 76 provided said probe hybridizes specifically 
to the M- tuberculosis complex. The M. tuberculosis complex comprises M- tuberculosis . 
M- bovis . M- bovis BCG, M- africamim and M. microti strains. 

The sequence represented in SEQ ID NO 76 is new. 

Preferentially, at least two, or three of said probes are used simultaneously. 

In another specific embodiment, the invention provides for a method as described 
above to detect and identify one or more Mycobacterium strains from the MAIS-compiex, 
wherein step (iii) comprises hybridizing to at least one of the following probes: 
MAI-ICG- 1 : CAACAGCAAATGATTGCCAGACACAC (SEQ ID NO 6) 

MIL-ICG-11 : GAGGGGTTCCCGTCTGTAGTG (SEQ ID NO 7) 

MIL-ICG-22 : TGAGGGGTTCTCGTCTGTAGTG (SEQ ID NO 8) 

MAC-ICG- 1 : CACTCGGTCGATCCGTGTGGA (SEQ ID NO 9) 

MAV-ICG-1 : TCGGTCCGTCCGTGTGGAGTC (SEQ ID NO 10) 

MAV-ICG-22 : GTGGCCGGCGTTCATCGAAA (SEQ ID NO 11) 

MIN-ICG-1 : GCATAGTCCTTAGGGCTGATGCGTT (SEQ ID NO 12) 

MIN-ICG-2 : GCTGATGCGTTCGTCGAAATGTGTA (SEQ ID NO 13) 

MIN-ICG-22 : CTGATGCGTTCGTCGAAATGTGT (SEQ ID NO 14) 

MIN-ICG-222 : TGATGCGTTCGTCGAAATGTGT (SEQ ID NO 15) 

MIN-ICG-2222 : GGCTGATGCGTTCGTCGAAATGTGTAA (SEQ ID NO 16) 

MAL-ICG-1 : ACTAGATGAACGCGTAGTCCTTGT (SEQ ID NO 17) 

MHEF-ICG-1 : TGGACGAAAACCGGGTGCACAA (SEQ ID NO 18) 

MAH-ICG-1 : GTGTAA 1TIC1T 1 " l'i ' 1 AACTCTTGTGTGT AAGTAAGTG 
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(SEQ ID NO 19) 

MCO-ICG-ll : TGGCCGGCGTGTTCATCGAAA (SEQ ID NO 20) 

MTH-iCG-Il : GCACTTCAATTGGTGAAGTGCGAGCC (SEQ ID NO 21) 

MTH-ICG-2 : GCGTGGTCTTCATGGCCGG (SEQ ID NO 22) 

MEF-ICG-11 : ACGCGTGGTCCTTCGTGG (SEQ ID NO 23) 

MSC-ICCM : TCGGCTCGTTCTGAGTGGTGTC (SEQ ID NO 24) 

or to equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 77-100 or 108-110, provided said probe 
hybridizes specifically to strains from the MAIS complex. The MAIS complex as defined in 
this invention comprises all strains of M. avium . M. intraceilulare and M. scrofalaceum and 
all strains closely related to the above mentioned species and not clearly belonging to another 
defined Mycobacterium species. The l^ner group of strains are defined in this invention as 
"MIC strains" (M. intracelluiare complex). 

Preferentially, at least two, three, four, five, six, seven, eight or more of said probes 
are used simultaneously. 

In still another specific embodiment, the invention provides for a method as described 
above, to detect and identify one or more NL avium and M. paratuberculosis strains in a 
sample, wherein step (iii) comprises hybridizing to at least one of the following probes: 
MAV-ICG-1 : TCGGTCCGTCCGTGTGGAGTC (SEQ ID NO 10) 

MAV-ICG-22 : GTGGCCGGCGTTCATCGAAA (SEQ ID NO 11) 

or to equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 77 and 78 provided said probe hybridizes 
specifically to M. avium or M- paratuberculosis . 

The sequences as represented in SEQ ID NO 77 and 78 are new. 

Preferentially, this embodiment uses both probes in combination. 

In still another specific embodiment, the invention provides for a method as described 
above to detect and identify one or more Mycobacterium intracelluiare strains and MIC- 
strains in a sample, wherein step (iii) comprises hybridizing to at least one of the following 
probes: 

MAI-ICG-1 : CAACAGCAAATGATTGCCAGACACAC (SEQ ID NO 6) 

MIL-ICG-1 1 : GAGGGGTTCCCGTCTGTAGTG (SEQ ID NO 7) 

MIL-ICG-22 : TGAGGGGTTCTCGTCTGTAGTG (SEQ ID NO 8) 
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MAC-ICG-1 : CACTCGGTCGATCCGTGTGGA 

MIN-ICG-1 : GCATAGTCCTTAGGGCTGATGCGTT 

MIN-ICG-2 : GCTGATGCGTTCGTCGAAATGTGTA 

MIN-ICG-22 : CTGATGCGTTCGTCGAAATGTGT 



(SEQ ID NO 9) 
(SEQ ID NO 12) 
(SEQ ID NO 13) 
(SEQ ID NO 14) 
(SEQ ID NO 15) 
(SEQ ID NO 16) 
(SEQ ID NO 17) 
(SEQ ID NO 18) 



MIN-ICG-222 : TGATGCGTTCGTCGAAATGTGT 



MIN-ICG-2222 : GGCTGATGCGTTCGTCGAAATGTGTAA 



MAL-ICG-1 : ACTAGATGAACGCGTAGTCCTTGT 



MHEF-ICG-1 : TGGACGAAAACCGGGTGCACAA 



MAH-ICG-1 : GTGTAATTTCTTTTTTAACTCTTGTGTGTAAGTAAGTG 

(SEQ ID NO 19) 



or to equivalents of said probes, 

and/or to any probe derived ffom SEQ ID NO 79, 80, 81, 82, 83 , 84, 85, 86, 87, 88, 89, 
90, 91, 92, 93, 94, 95. 96, 97, 98 or 99 provided said probe hybridizes specifically to M- 
intracellulare strains and MIC-strains. 

The sequences as represented in SEQ ID NO 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 
89, 90, 91, 92, 93 , 94, 95 , 96, 97, 98 or 99 are new. 

Preferentially, at least two, three, four, five, six, seven, eight or more of said probes 
are used simultaneously. 

In still another specific embodiment, the invention provides for a method as described 
above, to detect and identify one or more Mycobacterium intracellulare strains in a sample, 
wherein step Q.U) comprises hybridizing to at least the following probes : 

MIN-ICG-1 : GCATAGTCCTTAGGGCTGATGCGTT (SEQ ID NO 12) 

or to equivalents of said probe, 

and/or to any probe derived from SEQ ID NO 89 provided said probe hybridizes specifically 
to M- intracellulare strains. 

In still another specific embodiment, the invention provides for a method as described 
above, to detect and identify one or more Mycobacterium scrofulaceum strains in a sample, 
wherein step (iii) comprises hybrdizing to the following probe: 



MCO-ICG-11: TGGCCGGCGTGTTCATCGAAA 



(SEQ ID NO 20) 
(SEQ ID NO 21) 
(SEQ ID NO 22) 
(SEQ ID NO 23) 



MTH-ICG-11 : GCACTTCAATTGGTGAAGTGCGAGCC 



MTH-ICG-2 : GCGTGGTCTTCATGGCCGG 



MEF-ICG-11 : ACGCGTGGTCCTTCGTGG 
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MSC-ICG-l : TCGGCTCGTTCTGAGTGGTGTC • (SEQ ID NO 24) 

or to equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 100 provided said probe hybridizes 
specifically to M- scrofulaceum . 

The sequence as represented in SEQ ID NO 100 is new. 

In still another specific embodiment, the invention provides for a method as described 
above to detect and identify one or more Mycobacterium kansasii strains in a sample, 
wherein step (iii) comprises hybridizing to at least one of the following probes: 
MKA-ICG-1 : GATGCGTTTGCTACGGGTAGCGT (SEQ ED NO 25) 

MKA-ICG-2 : GATGCGTTGCCTACGGGTAGCGT (SEQ ED NO 26) 

MKA-ICG-3 : ATGCGTTGCCCTACGGGTAGCGT (SEQ ED NO 27) 

MKA-ICG-4 : CGGGCTCTGTTCGAGAGTTGTC (SEQ ID NO 23) 

MKA-ICG-5 : CCCTCAGGGATTTTCTGGGTGTTG (SEQ ED NO 182) 

MKA-ICG-6 : GGACTCGTCCAAGAGTGTTGTCC (SEQ ED NO 183) 

MKA-ICG-7 : TCGGGCTTGGCCAGAGCTGTT (SEQ ED NO 184) 

MKA-ICG-8 : GGGTGCGCAACAGCAAGCGA (SEQ ID NO 185) 

MKA-ICG-9 : GATGCGTTGCCCCTACGGG (SEQ ED NO 186) 

MKA-ICG-10 : CCCTACGGGTAGCGTGTTCTTTTG (SEQ ID NO 187) 

and more preferably to: 

MKA-ICG-3 : ATGCGTTGCCCTACGGGTAGCGT (SEQ ED NO 27) 

MKA-ICG-4 : CGGGCTCTGTTCGAGAGTTGTC (SEQ ED NO 28) 

MKA-ICG-5 : CCCTCAGGGATTTTCTGGGTGTTG (SEQ ID NO 182) 

MKA-ICG-6 : GGACTCGTCCAAGAGTGTTGTCC (SEQ ID NO 183) 

MKA-ICG-7 : TCGGGCTTGGCCAGAGCTGTT (SEQ ID NO 184) 

MKA-ICG-8 : GGGTGCGCAACAGCAAGCGA (SEQ ID NO 185) 

MKA-ICG-9 : GATGCGTTGCCCCTACGGG (SEQ ID NO 186) 

MKA-ICG-10: CCCTACGGGTAGCGTGTTCTTTTG (SEQ ID NO 187) 

or to equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 101, 167, 168 or 169 provided said probe 
hybridizes specifically to M- kansasii . 

The sequences as represented in SEQ ID NO 101, 167, 168 and 169 are new. 

Preferentially, at least two, three or four of said probes are used simultaneously. 
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In still another specific embodiment, the invention provides for a method as described 
above to detect and identify one or more Mycobacterium chgionae strains in a sampie, 
wherein step (Hi) comprises hybridizing to at least one of the following probes: 
MOMCG-1 : GGTGTGGACTITGACTTCTGAATAG (SEQ ID NO 29) 

MOWCG-2 : CGGCAAAACGTCGGACTGTCA (SEQ ID NO 30) 

MCH-ICG-3 : GGTGTGGTCCTTGACTTATGGATAG (SEQ ID NO 210) 

or to equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 102, 103 or 174 provided said probe 
hybridizes specifically to M. chelonae. According to another preferential embodiment, these 
three probes are used in combination* 

The sequences as represented in SEQ ID NO 102, 103 and 174 are new. 

In still another specific embodiment, the invention provides for a method as described 
above to detect and identify one or more Mycobacterium gordonae strains in a sample, 
wherein step (iii) comprises hybridizing to at least one of the following probes: 
MGO-ICG-1 : AACACCCTCGGGTGCTGTCC (SEQ ID NO 31) 

MGO-ICG-2 : GTATGCGTTGTCGTTCGCGGC (SEQ ID NO 32) 

MGO-ICG-5 : CGTGAGGGGTCATCGTCTGTAG (SEQ ID NO 33) 

and more preferably to: 

MGO-ICG-5 : CGTGAGGGGTCATCGTCTGTAG (SEQ ID NO 33) 

or to equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 104, 105 or 106 provided said probe 
hybridizes specifically to M. gordonae . 

The sequences as represented in SEQ ID NO 104 to 106 are new. 

Preferentially, at least two or three of said probes are used simultaneously. 

In still another specific embodiment, the invention provides for a method as described 
above to detect and identify one or more Mycobacterium ulcerans strains or Mycobacterium 
marinom strains in a sample, wherein step (iii) comprises hybridizing to the following probe: 
MUL-ICG-1 : GGTTTCGGGATGTTGTCCCACC (SEQ ID NO 175) 

or to equivalents of said probe, 

and/or to any probe derived from SEQ ID NO 157 provided said probe hybridizes 
specifically to M- ulcerans and M. marinum . 

The sequence as represented in SEQ ID NO 157 is new. 
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In still another specific embodiment, the invention provides for a method as described 
above to detect and identify one or more Mycobacterium genavense strains in a sample, 
wherein step (iii) comprises hybridizing to at least one of the following probes: 
MGV-ICG-1 : CGACTGAGGTCGACGTGGTGT (SEQ ID NO 176) 

MGV-ICG-2 : GGTGTTTGAGCATTGAATAGTGGTTGC (SEQ ID NO 177) 

MGV-ICG-3 : TCGGGCCGCGTGTTCGTCAAA (SEQ ID NO 211) 

or to equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 158, 159, 160, 161 or 162 provided said 
probe hybridizes specifically to M. genavense . 

The sequences as represented in SEQ ID NO 158 to 162 are new. 

As described in the exampies, M. genavense includes M- genavense strains sensu 
stricru and a group of closely related straps called ML simiae -like. The former group of 
strains can be detected specifically with probe MGV-ICG-1 while the latter group hybridizes 
specifically with probe MGV-ICG-3. Probe MGV-ICG-2 detects both groups. 

In still another specific embodiment, the invention provides for a method as described 
above to detect and identify one or more Mycobacterium xenopi strains in a sample, wherein 
step (iii) comprises hybridizing to the following probe: 

MXE-ICG-1 : GTTGGGCAGCAGGCAGTAACC (SEQ ID NO 178) 

or to equivalents of said probe, 

and/or to any probe derived from SEQ ID NO 163 provided said probe hybridizes 
specifically to M- xenopi . 

The sequence as represented in SEQ ID NO 163 is new. 

In still another specific embodiment, the invention provides for a method as described 
above to detect and identify one or more Mycobacterium simiae strains in a sample, wherein 
step (iii) comprises hybridizing to the following probe: 

MSI-ICG-1 : CCGGCAACGGTTACGTGTTC (SEQ ID NO 179) 

or to equivalents of said probe, 

and/or to any probe derived from SEQ ID NO 164 or 165 provided said probe hybridizes 
specifically to M- simiae . 

The sequence as represented in SEQ ID NO 164 or 165 is new. 

In still another specific embodiment, the invention provides for a method as described 
above to detect and identify one or more Mycobacterium fortuitum strains in a sample, 
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wherein step (iii) comprises hybridizing to at least one of the the following probes: 
MFG-ICG-1 : TCGTTGGATGGCCTCGCACCT (SE q ro N0 lg0) 

MFO-ICG-2 : ACTTGGCGTGGGATGCGGGAA (SEQ ID NO 181) 

or to equivalents of said probes or to any probe derived from SEQ ID NO 166 provided said 
probe hybridizes specifically to M. fortuitum . 

The sequence as represented in SEQ ID NO 166 is new. 

In still another specific embodiment, the invention provides for a method as described 
above to detect and identify one or more Mycobacterium celatum strains in a sample, 
wherein step (iii) comprises hybridizing to the following probe: 

MCE-ICG-1 : TGAGGGAGCCCGTGCCTGTA (SEQ ID NO 190) 

or to equivalents of said probe, 

and/or to any probe derived from SEQ ID NO 170 provided said probe hybridizes 
specifically to M. celatum . 

The sequence as represented in SEQ ID NO 170 is new. 

In still another specific embodiment, the invention provides for a method as described 
above to detect and identify one or more Mycobacterium haemophilum strains in a sample, 
wherein step (iii) comprises hybridizing to the following probe: 

MHP-ICG-1 : CATGTTGGGCTTGATCGGGTGC (SEQ ID NO 191) 

or to equivalents of said probe, 

and/or to any probe derived from SEQ ID NO 171, 172 or 173 provided said probe 
hybridizes specifically to M. haemophilum . 

The sequences as represented in SEQ ID NO 171 to 173 are new. 

In still another specific embodiment, the invention provides for a method as described 
above to detect and identify one or more Mycobacterium malmoense strains in a sample, 
wherein step (iii) comprises hybridizing to at least one of the following probes: 
MML-ICG-1 : CGGATCGATTGAGTGCTTGTCCC (SEQ ID NO 188) 

MML-ICG-2 : TCTAAATGAACGCACTGCCGATGG (SEQ ID NO 189) 

or to equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 107 provided said probe hybridizes 
specifically to M- malmoense . 

The sequence as represented in SEQ ID NO 107 is new. 

In still another specific embodiment, the invention provides for a method as described 
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above to detect and identify one or more Mycobacterium strains in a sample, wherein step 
(iii) comprises hybridizing to at least one of che following probes: 
MYC-ICG-i : ACTGGATAGTGGTTGCGAGCATCTA . (SEQ ID NO 1) 

MYC-ICG-22 : CTTCTGAATAGTGGTTGCGAGCATCT (SEQ ID NO 2) 

or to equivalents of said probes. 

According to a preferred embodiment, both probes are used in combination. 

The invention also provides for a method as described above to detect and identify 
one or more Mycoplasma strains in a sample, wherein step (iii) comprises hybridizing to at 
least one of the following probes: 

MPN-ICG 1 : ATCGGTGGTAAATTAAACCCAAATCCCTGT (SEQ ID NO 49) 
MPN-ICG 2 : CAGTTCTGAAAGAACATTTCCGCTTCTTTC (SEQ ID NO 50) 
MGE-ICG 1 : CACCCATTAATIT I " I ' I CGGTGTTAAAACCC (SEQ ED NO 51) 

Mycopiasma-ICG : CAAAACTGAAAACGACAATCTTTCTAGTTCC (SEQ ID NO 52) 
or to equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 124 or 125 provided said probe hybridizes 
specifically with Mycoplasma species. 

Preferentially, at least two, three or four of said probes are used simultaneously. 

More particularly, the invention provides for a method as described above to detect 
and identify one or more Mycoplasma pneumoniae strains in a sample, wherein step (iii) 
comprises hybridizing to at least one of the following probes: 

MPN-ICG I : ATCGGTGGTAAATTAAACCCAAATCCCTGT (SEQ ID NO 49) 
MPN-ICG 2 : CAGTTCTGAAAGAACATTTCCGCTTCTTTC (SEQ ID NO 50) 
or to equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 125 provided said probe hybridizes 
specifically to Mycoplasma pneumoniae . According to a preferred embodiment, both these 
probes are used in combination. 

The sequence as represented in SEQ ID NO 125 is new. 

In another particular embodiment, the invention provides for a method as described 
above to detect and identify one or more Mycoplasma genital ium strains in a sample, wherein 
step (iii) comprises hybridizing to the following probe: 

MGE-ICG 1 : C ACCCATTAA HT H ' I CGGTGTTAAAACCC (SEQ ID NO 51) 

or to equivalents of said probes, 
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and/or to any probe derived from SEQ ID NO 124 provided said probe hybridizes 
specifically to Mycoplasma genital ium . 

The sequence as represented in SEQ ID NO 124 is new. 

The invention also provides for a method as described above to detect and identify 
one or more Pseudomonas strains in a sample, wherein step (Hi) comprises hybridizing to at 
least one of the following probes: 

PA-ICG 1 : TGGTGTGCTGCGTGATCCGAT (SEQ ID NO 34) 

PA-ICG 2 : TGAATGTTCGTGGATGAACATTGATT (SEQ ID NO 35) 

PA-ICG 3 : CACTGGTGATCATTCAAGTCAAG (SEQ ID NO 36) 

PA-ICG 4 : TGAATGTTCGT(G/A)(G/A)ATGAACATTGATTTCTGGTC 

(SEQ ID NO 37) 

PA-ICG 5: CTCTTTCACTGGTGATCATTCAAGTCAAG (SEQ ID NO 38) 

or to equivalents of said probes, 

and/or to any probe derived from SEQ ED NO 111, 112, 113, 114 or 115 provided said 
probe hybridizes specifically to Pseudomonas strains. 

The sequneces as represented in SEQ ED NO 111 to 115 are new. 

Preferentially, at least two, three or four of said probes are used simultaneously. 

More particularly, the invention provides for a method as described above to detect 
and identify one or more Pseudomonas aeruginosa strains in a sample, wherein step (iii) 
comprises hybridizing to at least one of the following probes: 

PA-ICG 1 : TGGTGTGCTGCGTGATCCGAT (SEQ ID NO 34) 

PA-ICG 2 : TGAATGTTCGTGGATGAACATTGATT (SEQ ID NO 35) 

PA-ICG 3 : CACTGGTGATCATTCAAGTCAAG (SEQ ED NO 36) 

PA-ICG 4 : TGAATGTTCGT(G/A)(G/A)ATGAACATTGATTTCTGGTC 

(SEQ ID NO 37) 

PA-ICG 5 : CTCTTTCACTGGTGATCATTCAAGTCAAG (SEQ ED NO 38) 

and most preferably to at least one of the following probes: 

PA-ICG 1 : TGGTGTGCTGCGTGATCCGAT (SEQ ID NO 34) 

PA-ICG 4 : TGAATGTTCGT(G/A)(G/A)ATGA\CATTGATTTCTGGTC 

(SEQ ID NO 37) 

PA-ICG 5 : CTCTTTCACTGGTGATCATTCAAGTCAAG (SEQ ID NO 38) 

or to equivalents of said probes. 
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and/or to any probe derived from SEQ ID NO lii provided said probe hybridizes 
specifically to Pseudomonas aeruginosa . 

The sequence as represented in SEQ ID NO 111 is new. 

Preferentially, at least two, three, four or five of said probes are used simultaneously. 

The invention also provides for a method as described above to detect and identify 
one or more Staphylococcus species in a sample, wherein step (iii) comprises hybridizing to 
at least one of the following probes: 

STAIHCG 1 : TACCAAGCAAAACCGAGTGAATAAAGAGTT (SEQ ID NO 53) 
STAU-ICG 2 : CAGAAGATGCGGAATAACGTGAC (SEQ ID NO 54) 

STAU-ICG 3 : AACGAAGCCGTATGTGAGCATTTGAC (SEQ ID NO 55) 

STAU-ICG 4 : GAACGTAACTTCATGTTAACGTTTGACTTAT (SEQ ID NO 56) 
or to equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 139, 140, 141, 1-12 ,143 or 144 provided said 
probe hybridizes specifically to Staphylococcus species. 

The sequences as represented in SEQ ID NO 139 to 144 are new. 

Preferentially, at least two, three or four of said probes are used simultaneously. 

More particularly, the invention provides for a method as described above to detect 
and identify one or more Staphylococcus aureus strains in a sample, wherein step (iii) 
comprises hybridizing to at least one, and preferably both of the following probes: 
STAU-ICG 3 : AACGAAGCCGTATGTGAGCATTTGAC (SEQ ID NO 55) 

STAU-ICG 4 : GAACGTAACTTCATGTTAACGTTTGACTTAT (SEQ ID NO 56) 
or to equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 139, 140, 141, 142 or 143 provided said 
probe hybridizes specifically to Staphylococcus aureus . According to a preferred 
embodiment, both these probes are used in combination. 

In another specific embodiment the invention provides for a method as described 
above to detect and identity one or more Staphylococcus epiderraidis strains in a sample, 
wherein step (iii) comprises hybrdizing to any probe derived from SEQ ID NO 144 as long 
as this probe can be caused to hybridize specifically to Staphylococcus epidermidis . 

The invention also provides for a method as described above to detect and identify 
one or more Acinetobacter strains in a sample, wherein step (iii) comprises hybridizing to 
at least one of the following probes: 
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ACI-ICG 1 : GCTTAAGTGCACAGTGCTCTAAACTGA ' (SEQ ID NO 57) 
ACI-ICG 2 : CACGGTAATTAGTGTGATCTGACGAAG (SEQ ID NO 58) 

or to equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 126, 127, 128. 129 or 130 provided said 
probe hybridizes specifically to Acinetobacter sp.. According to a preferred embodiment, 
both these probes are used in combination. 

The sequences as represented in SEQ ID NO 126 to 130 are new. 

More particular iy, the invention provides for a method as described above to detect 
and identify one or more Acinetobacter baumanii strains in a sample, wherein step (iii) 
comprises hybridizing to at least one of the following probes: 

ACI-ICG 1 : GCTTAAGTGCACAGTGCTCTAAACTGA (SEQ ID NO 57) 

ACI-ICG 2 : CACGGTAATTAGTGTGATCTGACGAAG (SEQ ID NO 58) 

or to equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 126 provided said probe hybridizes 
specifically to Aemembacter haumanii . According to a preferred embodiment, both these 
probes are used in combination. 

The invention also provides for a method as described above, to detect and identify 
one or more Listeria strains in a sample, wherein step (Hi) comprises hybridizing to at least 
one of the following probes: 

US-ICG 1 : CAAGTAACCGAGAATCATCTGAAAGTGAATC (SEQ ID NO 39) 
LMO-ICG 1 : AAACAACCITTACTTCGTAGAAGTAAATTGGTTAAG 

(SEQ ID NO 40) 

LMO-ICG 2: TGAGAGGTTAGTACrTCTCAGTATGTTTGTTC (SEQ ID NO 41) 
LMO-ICG 3 : AGGCACTATGCTTGAAGCATCGC (SEQ ID NO 42) 

LIV-ICG 1 : GTTAGCATAAATAGGTAACTATTTATGACACAAGTAAC 

(SEQ ID NO 43) 

LSE-ICG 1 : AGTTAGCATAAGTAGTGTAACTATTTATGACACAAG 

LISP-ICG 1: CGTTTTCATAAGCGATCGCACGTT (SEQ ID NO 212) 

and most preferably to at least one of the following probes: 

US-ICG 1 : CAAGTAACCGAGAATCATCTGAAAGTGAATC (SEQ ID NO 39) 
LMO-ICG 3 : AGGCACTATGCTTGAAGCATCGC (SEQ ID NO 42) 

LISP-ICG 1: CGTTTTCATAAGCGATCGCACGTT (SEQ ID NO 212) 
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or to equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 116, 118, 119, 120, 121, 213, 214 or 215 
provided said probe hybridizes specifically to Listeria species. 



sensu strictu, and a group of closely related organisms referred to as " Listeria- Iike 
organisms". The latter group can be specifically recognized by probe LISP-ICG L 

The sequences as represented in SEQ ID NO 116, 118 to 121 and 213 to 215 are 

new. 

Preferentially, at least two, three, four, five or six of said probes are used 
simultaneously. 

More particularly, the invention provides for a method as described above, to detect 
and identify one or more Listeria monoc yto genes strains in a sampie, wherein step (iii) 
comprises hybridizing to at least one of the following probes: 

LMO-ICG 1 :AAACAACCTTTACTT^ ID NO 40) 

LMO-ICG 2 : TGAGAGGTTAGTACTTCTCAGTATGTTTGTTC (SEQ ID NO 41) 
LMO-ICG 3 : AGGCACTATGCTTGAAGCATCGC (SEQ ID NO 42) 

and most preferably to the following probe: 

LMO-ICG 3 : AGGCACTATGCTTGAAGCATCGC (SEQ ID NO 42) 

or to equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 120 provided said probe hybridizes 
specifically to Listeria monocytogenes . 

Preferentially, at least two, or three of said probes are used simultaneously. 

The invention also provides for a method as described above to detect and identify 
one or more Brucella strains in a sample, wherein step (iii) comprises hybridizing to at least 
one of the following probes: 



As described in the examples section, Listeria species encompass Listeria species 



BRU-ICG 1 



BRU-ICG 2 



BRU-ICG 3 



BRU-ICG 4 



TTCGCTTCGGGGTGGATCTGTG 



CGTGCCGCCTTCGTTTCTCTTT 



GCGTAGTAGCGTTTGCGTCGG 



CGCAAGAAGCTTGCTCAAGCC 



(SEQ ID NO 59) 
(SEQ ID NO 60) 
(SEQ ID NO 193) 
(SEQ ID NO 194) 



and most preferably to at least one of the following probes: 



BRU-ICG 2 : TTCGCTTCGGGGTGGATCTGTG 



BRU-ICG 3 : GCGTAGTAGCGTTTGCGTCGG 



(SEQ ID NO 60) 
(SEQ ID NO 193) 
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BRU-ICG 4 : CGCAAGAAGCT7GCTCAAGCC (SEQ ID NO 194) 

or to equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 131, 132 or 154 provided said probe 
hybridizes specifically to Brucella strains. 

The sequences as represented in SEQ ID NO 131, 132 and 154 are new. 

The invention also provides for a method as described above to detect and identify 
one or more Salmonella strains in a sample, wherein step (iii) comprises hybridizing to at 
least one of the following probes: 

SALM-ICG 1 : CAAAACTGACTTACGAGTCACGTTTGAG (SEQ ID NO 61) 

SALM-ICG 2 : GATGTATGCTTCGTTATTCCACGCC (SEQ ID NO 62) 

STY-ICG 1 : GGTCAAACCTCCAGGGACGCC (SEQ ID NO 63) 

SED-ICG 1 : GCGGTAATGTGTGAAAGCGTTGCC (SEQ ID NO Si) 

and most preferably to the following probe: 

SALM-ICG 1 : CAAAACTGACTTACGAGTCACGTTTGAG (SEQ ID NO 61) 

or to equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 133, 134, 135, 136, 137 or 138 provided said 
probe hybridizes specifically to Salmonella strains. 

The sequences as represented in SEQ ID NO 133 to 138 are new. 

Preferentially, at least two, three, or four of said probes are used simultaneously. 

The invention also relates to a method as described above to detect and identify one 
or more Chlamydia strains in a sample, wherein step (iii) comprises hybridizing to at least 
one of the following probes: 

CHTR-ICG 1 : GGAAGAAGCCTGAGAAGGTTTCTGAC (SEQ ID NO 45) 

CHTR-ICG 2 : GCATTTATATGTAAGAGCAAGCATTCTATTTCA (SEQ ED NO 46) 
CHTR-ICG 3 : GAGTAGCGTGGTGAGGACGAGA (SEQ ED NO 47) 

CHTR-ICG 4 : GAGTAGCGCGGTGAGGACGAGA (SEQ ID NO 201) 

CHPS-ICG 1 : GGATAACTGTCTTAGGACGGTTTGAC (SEQ ID NO 48) 

or to equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 122, 123 or 197 provided that said probe 
hybridizes specifically to Chlamydia strains. 

Preferentially, at least two, three, four or five of said probes are used simultaneously. 

More particularly, the invention relates to a method as described above to detect and 
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identify one or more Chlamydia trachomatis strains in a sample, wherein step (iii) comprises 
hybridizing to at least one of the following probes: 

CHTR-ICG 1 : GGAAGAAGCCTGAGAAGGTTTCTGAC (SEQ ID NO 45) 

CHTR-ICG 2 : GCATTTATATGTAAGAGCAAGC\TTCTATTTCA (SEQ ID NO 46) 
CHTR-ICG 3 : GAGTAGCGTGGTGAGGACGAGA (SEQ ID NO 47) 

CHTR-ICG 4 : GAGTAGCGCGGTGAGGACGAGA (SEQ ID NO 201) 

or to equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 123 or 197 provided said probe hybridizes 
specifically to Chlamydia trachomatis . 

The sequences as represented in SEQ ID NO 123 and 197 are new. 

Preferentially, at least two, three or four of said probes are used simultaneously. 

In another particular embodiment, the invention provides for a method as described 
above to detect and identify one or more Chlamydia ssittaci strains in a sample, wherein step 
(iii) comprises hybridizing to at least the following probe: 

CHPS-ICG 1 : GGATAACTGTCTTAGGACGGTTTGAC (SEQ ID NO 48) 

or to equivalents of said probe, 

and/or to any probe derived from SEQ ID NO 122 provided said probe hybridizes 
specifically to Chlamydia psittaci . 

The sequence of SEQ ID NO 122 is new. 

The invention also provides for a method as described above, to detect one or more 
Streptococcus strains in a sample, wherein step (iii) comprises hybridizing to any probe 
derived from SEQ ID NO 145, 146, 147, 148, 149, 150, 151, 152 or 153 provided said 
probe hybridizes specifically to Streptococcus strains, or equivalents of these probes. 

The sequences as represented in SEQ ID NO 145, 146, 147, 148, 149, 150, 151, 152 
or 153 are new. 

The invention also provides for a method as described above, to detect one or more 
Yersinia enterocolitica strains in a sample, wherein step (iii) comprises hybridizing to at least 
one of the following probes : 

YEC-ICG 1 : GGAAAAGGTACTGCACGTGACrG (SEQ ID NO 198) 

YEC-ICG 2 : GACAGCTGAAACTTATCCCTCCG (SEQ ID NO 199) 

YEC-ICG 3 : GCTACCTGTTGATGTAATGAGTCAC (SEQ ID NO 200) 

or to equivalents of said probes, 
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and/or to any probe derived from SEQ ID NO 195 or 196, provided said probe hybridizes 
specifically to Yersinia enterocolirica . 

The sequences as represented in SEQ ID NO 195 and 196 are new. 

In some cases it may be advantageous to amplify not all organisms present in a 
sample, but only more specific tara, which are considered to be relevant. In ±ese cases the 
invention provides for primers allowing the specific amplification of the spacer region for 
only those beforehand defined taxa. 

The invention thus provides for a method as described above to detect and identify 
specifically Chlamydia trachomatis in a sample, wherein step (ii) comprises amplification of 
the 16S-23S rRNA spacer region or a pan of it, using at least one of the following primers: 

CHTR-P1 : AAGGTTTCTGACTAGGTTGGGC (SEQ ID NO 69) 

CHTR-P2 : GGTGAAGTGCTTGCATGGATCT (SEQ ID NO 70) 

or equivalents of these primers, said equivalents differing in sequence from the above 
mentioned primers by changing one or more nucleotides, provided that said equivalents still 
amplify specifically the spacer region or pan of it from Chlamydia trachomatis . 

Preferably both primers are used. 

The invention also provides for a method as described above to detect and identify 
specifically Listeria species in a sample, wherein step (ii) comprises amplification of the 16S- 
23S rRNA spacer region or a pan of it, using at least one of the following primers: 

US-PI : ACCTGTGAGTTTTCGTTCTTCTC (SEQ ID NO 71) 

LIS-P2 : CTATTTGTTCAGTTTTGAGAGGTT (SEQ ID NO 72) 

LIS-P3 : ATTTTCCGTATCAGCGATGATAC (SEQ ID NO 73) 

LIS-P4 : ACGAAGTAAAGGTTG* IT IT i'CT (SEQ ID NO 74) 

LIS-P5 : GAGAGGTTACTCTCTTTTATGTCAG (SEQ ID NO 75) 

LIS-P6 : CTTTTATGTCAGATAAAGTATGCAA (SEQ ID NO 202) 

LIS-P7 : CGTAAAAGGGTATGATTATTTG (SEQ ID NO 203) 

or equivalents of these primers, said equivalents differing in sequence from the above 
mentioned primers by changing one or more nucleotides, provided that said equivalents still 
amplify specifically the spacer region or part of it from Listeria species. 

The invention also relates to a method as described above to detect and identify 
specifically Nfvcobacterium species in a sample, wherein step (ii) comprises amplification of 
the 16S-23S rRNA spacer region or a pare of it, using at least one of the following primers: 
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MYC-Pi 


TCCCTTGTGGCCTGTGTG 


(SEO ID NO fi^i 


MYC-P2 


TCCTTCATCGGCTCTCGA 




MYC-P3 


. GATGCCAAGGCATCCACC 


(SEQ ID NO 67) 


MYC-P4 


CCTCCCACGTCCTTCATCG 


(SEQ ID NO 68) 


MYC-P5 


CCTGGGTTTGACATGCACAG 


(SEQ ID NO 192) 



or equivalents of these primers, said equivalents differing in sequence from the above 
mentioned primers by changing one or more nucleotides, provided that said equivalents still 
amplify specifically the spacer region or pan of it from Mycobacterium species. 

The invention also provides for a method as described above to detect and identify 
specifically Brucella species in a sample, wherein step (ii) comprises amplification of ±e 
16S-23S rRNA spacer region or part of it, using at least one of the following primers : 

BRU-P1 : TCGAGAATTGGAAAGAGGTC (SEQ ID NO 204) 

BRU-P2 : AAGAGGTCGGATTTATCCG (SEQ ID NO 205) 

BRU-P3 : TTCGACTGCAAATGCTCG (SEQ ID NO 206) 

BRU-P4 : TCTTAAAGCCGCA7TATGC (SEQ ID NO 207) 

or equivalents of these primers, said equivalents differing in sequence from the above- 
mentioned primers by changing one or more nucleotides, provided that said equivalents still 
amplify specifically the spacer region of part of it from Brucella species. 

The invention also provides for a method as described above to detect and identify 
specifically Yersinia enterocolitica species in a sample, wherein step (ii) comprises 
amplification of the 16S-23S rRNA spacer region or pan of it, using at least one of the 
following primers : 

YEC-P1 : CCTAATGATATTGATTCGCG (SEQ ID NO 208) 

YEC-P2 : ATGACAGGTTAATCCTTACCCC (SEQ ID NO 209) 

or equivalents of these primers, said equivalents differing in sequence from the above- 
mentioned primers by changing one or more nucleotides, provided that said equivalents still 
amplify specifically the spacer region of pan of it from Yersinia enterocoKtica species. 

The invention also provides for a composition comprising at least one of the probes 
and/or primers as defined above. 

Said composition may comprise any carrier, suppon, label or diluent known in the 
art for probes or primers, more panicularly any of the labels or supports detailed in the 
definitions section. 
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The invention relates more partcuiarly to isolated probes and primers as defined 
above, more particularly any of the probes as specified in Table la or any of the primers as 
specified in Table lb. 

According to another embodiment, the present invention relates also to new spacer 
region sequences as defined above and as set out in figures 1-103 (SEQ ID NO 76 to 154, 
SEQ ID NO 157 to 174, SEQ ID NO 195 to 197 and SEQ ID NO 213 to 215). 

In another embodiment the invention provides for a reverse hybridization method 
comprising any of the probes as defined above, wherein said probes are immobilized on a 
known location on a solid support, more preferably on a membrane strip. 

In yet another embodiment the invention provides for a kit for the detection and 
identification of at least one micro-organism, or the simultaneous detection and identification 
of several micro-organisms in a sample, comprising the following components: 

(i) when appropiate, at least one suitable primer pair to allow amplification of the 
intercistronic 16S-23S rRNA spacer region, or a part of it; 

(ii) at least one of the probes as defined above; 

(iii) a buffer, or components accessary to produce the buffer, enabling a 
hybridization reaction between said probes and the poiynucleic acids present 
in the sample, or the amplified products thereof; 

(iv) a solution, or components necessary to produce the solution, enabling washing 
of the hybrids formed under the appropiate wash conditions; 

(v) when appropiate, a means for detecting the hybrids resulting from the 
preceding hybridization. 
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FIGURE LEGENDS 

Fig I : represents the DNA sequence of the 16S-23S rRNA spacer region from 
Mycobacterium tuberculosis strain H37RV ATCC 27294 (SEQ ID NO 76) 

Fig 2 : represents the DNA sequence of the 16S-23S rRNA spacer region from 
Mycobacterium avium ATCC 151.769 (ITG 4991) (SEQ ID NO 77) 

Fig 3 : represents the DNA sequence of die 16S-23S rRNA spacer region from 
Mycobacterium paratuberculosis strains 316F and 2E (SEQ ID NO 78) 

* 

Fig 4 : represents the DNA sequence of die 16S-23S rRNA spacer region from 
Mycobacterium strain ITG 5513 (SEQ ID NO 79) 

Fig 5 : represents the DNA sequence of die 16S-23S rRNA spacer region from 
Mycobacterium strain ITG 8695 (SEQ ID NO 80} 

Fig 6 : represents the DNA sequence of the I6S-23S rRNA spacer region from 
Mycobacterium strain ITG 8708 (SEQ ID NO 81) 

Fig 7 : represents the DNA sequence of the 16S-23S rRNA spacer region from 
Mycobacterium strain ITG 8715 (SEQ ID NO 82) 

Fig 8 : represents the DNA sequence of the I6S-23S rRNA spacer region from 
Mycobacterium strain ITG 8054 (SEQ ID NO 83) 

Fig 9 : represents the DNA sequence of the 16S-23S rRNA spacer region from 

Mycobacterium strain ITG 8737 (SEQ ID NO 84) 



Fig 10 : represents the DNA sequence of the 16S-23S rRNA spacer region from 
Mycobacterium strain ITG 8743 (SEQ ID NO 85) 
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Fig 11 : represents the DNA sequence of che 16S-23S rRNA spacer region from 
Mycobacterium strain ITG 8745 (SEQ ID NO 86) 

Fig 12 : represents the DNA sequence of the 16S-23S rRNA spacer region from 
Mycobacterium strain ITG 8748 (SEQ ID NO 87) 

5 Fig 13 : represents the DNA sequence of the I6S-23S rRNA spacer region from 
Mycobacterium strain ITG 8752 (SEQ ID NO 88) 

Fig 14 : represents the DNA sequence of the 16S-23S rRNA spacer region from 
Mycobacterium intraceiluiare serovar 12 ITG 5915 (SEQ ID NO 89) 

Fig 15 : represents the DNA sequence of the 16S-23S rRNA spacer region from 
10 Mycobacterium jufu ITG 4755 (SEQ ID NO 90) 

Fig 16 : represents the DNA sequence of the I6S-23S rRNA spacer region from 
Mycobacterium strain ITG 5922 (SEQ ID NO 91) 

Fig 17 : represents the DNA sequence of the 16S-23S rRNA spacer region from 
Mycobacterium strain ITG 1329 (SEQ ID NO 92) 

15 Fig 18 : represents the DNA sequence of the 16S-23S rRNA spacer region from 
Mycobacterium strain ITG 1812 (SEQ ID NO 93) 

Fig 19 : represents the DNA sequence of the 16S-23S rRNA spacer region from 
Mycobacterium strain ITG 5280 (SEQ ID NO 94) 

Fig 20 : represents the DNA sequence of the 16S-23S rRNA spacer region from 
20 Mycobacterium strain ITG 5620 (SEQ ID NO 95) 



Fig 21 : 



represents the DNA sequence of the 16S-23S rRNA spacer region from 
Mycobacterium strain ITG 5765 (SEQ ID NO 96) 
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represents the DNA sequence of the 16S-23S rRNA spacer region from 
Mycobacterium ITG 7395 (SEQ ID NO 97) 

represents the DNA sequence of the 16S-23S rRNA spacer region from 
Mycobacterium ITG 8738 (SEQ ID NO 98) 

represents the DNA sequence of the 16S-23S rRNA spacer region from 
Mycobacterium ITG 926 (SEQ ID NO 99) 

represents the DNA sequence of the 16S-23S spacer region from 
Mycobacterium scrnfalaceum ITG 4988 (SEQ ID NO 100) 

represents the DNA sequence of the 16S-23S spacer region from 
Mycobacterium kansasii ATCC 22478 (=ITG 4987) (SEQ ID NO 101) 

represents the DNA sequence of the 16S-23S spacer region from 
Mycobacterium chelonae abcessus ITG 4975 (SEQ ID NO 102) 

represents the DNA sequence of the 16S-23S spacer region from 
Mycobacterium cheionae chelonae ITG 9855 (SEQ ID NO 103) 

represents the DNA sequence of the 16S-23S spacer region from 
Mycobacterium gordonae ITG 7703 (SEQ ID NO 104) 

represents the DNA sequence of the 16S-23S spacer region from 
Mycobacterium gordonae ITG 7836 (SEQ ID NO 105) 

represents the DNA sequence of the 16S-23S spacer region from 
Mycobacterium gordonae ITG 8059 (SEQ ID NO 106) 

represents the DNA sequence of the 16S-23S spacer region fron 
Mycobacterium malmoense ITG 4842 and ITG 4832 (SEQ ID NO 107) 
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represents the DNA sequence of the 16S-23S spacer region from 
Mycobacterium strain 8757 (SEQ ID NO 108) 

represents the DNA sequence of the 16S-23S spacer region from 
Mycobacterium ITG 8723 (SEQ ID NO 109) 

represents the DNA sequence of the I6S-23S spacer region from 
Mycobacterium ITG 8724 (SEQ ID NO 110) 

represents the DNA sequence of the 16S-23S spacer region from Pseudomonas 
aeruginosa UZG 5669 (SEQ ID NO 111) 

represents the DNA sequence of the 16S-23S spacer region from Pseudomonas 
pseudoalcaligenes LMG 1225 (SEQ ID NO 112) 

represents the DNA sequence of the 16S-23S spacer region from Pseudomonas 
stutzeri LMG 2333 (SEQ ID NO 113) 

represents the DNA sequence of the 16S-23S spacer region from Pseudomonas 
aicaligenes LMG 1224 (SEQ ID NO 114) 

represents the DNA sequence of the 16S-23S spacer region from Pseudomonas 
putida LMG 2232 (SEQ ID NO 115) 

represents the DNA sequence of the small 16S-23S spacer region from 
Listeria ivanovii CIP 7842 (SEQ ID NO 1 16) 

represents the DNA sequence of the small 16S-23S spacer region from 
Listeria monocytogenes (SEQ ID NO 117) 

represents the DNA sequence of the small 16S-23S spacer region from 
Listeria seeligeri serovar 4A nr. 4268 (SEQ ID NO 118) 
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Fig 44 : represents the partial DNA sequence of the large 16S-23S spacer region from 
partial sequence of the long spacer region of Listeria ivanovii CIP 7842 (SEQ 
ID NO 119) 

Fig 45 : represents the DNA sequence of the large 16S-23S spacer region from Listeria 
5 monocytogenes IHE serovar 4B (SEQ ID NO 120) 

Fig 46 : represents the DNA sequence of the large 16S-23S spacer region from Listeria 
seeligeri serovar 4A nr. 4268 (SEQ ID NO 121) 

Fig 47 : represents the DNA sequence of the 16S-23S spacer region from Chlamydia 
psittaci 6BC (SEQ ID NO 122) 

10 Fig 48 : represents the DNA sequence of the I6S-23S spacer region from Chlamydia 
trachomatis (SEQ ID NO 123) 

Fig 49 : represents the DNA sequence of the 16S-23S spacer region from Mycoplasma 
genitalium (U. Gobel) (SEQ ID NO 124) 

Fig 50 : represents the DNA sequence of the 16S-23S spacer region from Mycoplasma 
15 pneumoniae ATCC 29432 (SEQ ID NO 125) 

Fig 51 : represents the DNA sequence of the 16S-23S spacer region from 
Acinetobacter baumanii LMG 1041 (SEQ ID NO 126) 

Fig 52 : represents the DNA sequence of the 16S-23S spacer region from 
Acinetobacter calcoaceticus LMG 1046 (SEQ ID NO 127) 

20 Fig 53 : represents the DNA sequence of the 16S-23S spacer region from 
Acinetobacter haemolvticus LMG 996 (SEQ ID NO 128) 



Fig 54 : represents the DNA sequence of the 16S-23S spacer region from 
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Acinerobacrer iohnsonii LMG 999 (SEQ ID NO 129) 

Fig 55 : represents the DNA sequence of the I6S-23S spacer region from 
Acinerobacrer junii LMG 998 (SEQ ID NO 130) 

Fig 56 : represents the DNA sequence of the 16S-23S spacer region from Brucella 
5 meiitensis NIDO Biovar 1 (SEQ ID NO 131) 

Fig 57 : represents the DNA sequence of the 16S-23S spacer region from Brucella suis 
NIDO Biovar 1 (SEQ ID NO 132) 

Fig 58 : represents the DNA sequence of one of the 16S-23S spacer reaion from 
Salmonella dubiin (SEQ ID NO 133) 

10 Fig 59 : represents the DNA sequence of one of the 16S-23S spacer region from 
Salmonella dubiin (SEQ ID NO 134) 

Fig 60 : represents the DNA sequence of one of the I6S-23S spacer region from 
Salmonella enteritidis (SEQ ID NO 135) 

Fig 61 : represents the DNA sequence of one of the 16S-23S spacer region from 
15 Salmonella enteritidis (SEQ ID NO 136) 

Fig 62 : represents the DNA sequence of one of the 16S-23S spacer region from 
Salmonella tvphimurium (SEQ ID NO 137) 

Fig 63 : represents the DNA sequence of one of the 16S-23S spacer region from 
Salmonella tvphimurium (SEQ ID NO 138) 

20 Fig 64 : represents the DNA sequence of one of the 16S-23S spacer region from 
Staph vlococcus aureus strain UZG 5728 (SEQ ID NO 139) 
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represents the DNA sequence of one of the 16S-23S spacer region from 
Staphylococcus aureus strain UZG 6289 (SEQ ID NO 140) 

represents the DNA sequence of one of the 16S-23S spacer region from 
Staphylococcus aureus strain UZG 6289 (SEQ ID NO HI) 

represents the DNA sequence of one of the 16S-22S spacer region from 
Staphylococcus aureus strain UZG 6289 (SEQ ID NO 142) 

represents the DNA sequence of one of the 16S-23S spacer region from 
Staphylococcus aureus strain UZG 6289 (SEQ ID NO 143) 

represents the DNA sequence of one of the 16S-23S spacer region from 
Staphylococcus epidermidis strain UZG CNS41 (SEQ ID NO 144) 

represents the DNA sequence of the 16S-23S spacer region from 
Streptococcus mitis UZG 2465 (SEQ ID NO 145) 

represents the DNA sequence of the 16S-23S spacer region from 
Streptococcus pyogenes UZG 3671 (SEQ ID NO 146) 

represents the DNA sequence of the 16S-23S spacer region from 
Streptococcus sanguis UZG 1042 (SEQ ID NO 147) 

represents the DNA sequence of the 16S-23S spacer region from 
Streptococcus saprophytics UZG CNS46 (SEQ ID NO 148) 

represents the DNA sequence of the 16S-23S spacer region from 
Streptococcus species UZG 536 (84) (SEQ ID NO 149) 

represents the DNA sequence of the 16S-23S spacer region from 
Streptococcus species UZG 4341 (SEQ ID NO 150) 
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represents the DNA sequence of the 16S-23S spacer region from 
Streptococcus species UZG 457 (44B) (SEQ ID NO 151) 

represents the DNA sequence of the 16S-23S spacer region from 
Streptococcus species UZG 97 A (SEQ ID NO 152) 

represents the DNA sequence of the 16S-23S spacer region from 
Streptococcus species UZG 483 (76) (SEQ ID NO 153) 

represents the DNA sequence of the 16S-23S spacer region from Brucella 
abortus NIDO Tuiya biovar 3 (SEQ ID NO 154) 

represents the DNA sequence of the 16S-23S spacer region from 
Mycobacterium uicerans ITG 1837 and Mycobacterium marinum ITG 7732 
(SEQ ID NO 157) 

represents the DNA sequence of the 16S-23S spacer region from 
Mycobacterium genavense ITG 8777 (SEQ ID NO 158) 

represents the DNA sequence of the 16S-23S spacer region from 
Mycobacterium genavense ITG 92-742 (SEQ ID NO 159) 

represents the DNA sequence of the 16S-23S spacer region from 
Mycobacterium genavense ITG 9500 (SEQ ID NO 160) 

represents the DNA sequence of the 16S-23S spacer region from 
Mycobacterium simiae -like ITG 7379 (SEQ ID NO 161) 

represents the DNA sequence of the 16S-23S spacer region from 
Mycobacterium simiae -like ITG 9745 (SEQ ID NO 162) 

represents the DNA sequence of the 16S-23S spacer region from 
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Mycobacterium xenoot ITG 4986 (SEQ ID NO 163) 

represents the DNA sequence of the 16S-23S spacer region from 
Mycobacterium simiae A ITG 4485 (SEQ ID NO 164) 

represents the DNA sequence of the I6S-23S spacer region from 
Mycobacterium simiae B ITG 4484 (SEQ ID NO 165) 

represents the DNA sequence of the 16S-23S spacer region from 
Mycobacterium fortuitum ITG 4304 (SEQ ID NO 166) 

represents the DNA sequence of the 16S-23S spacer region from 
Mycobacterium kansasii ITG 6328 (SEQ ID NO 167) 

represents the DNA sequence of the 16S-23S spacer region from 
Mycobacterium kansasii ITG 8698 (SEQ ID NO 168) 

represents the DNA sequence of the 16S-23S spacer region from 
Mycobacterium kansasii ITG 8973 (SEQ ID NO 169) 

represents the DNA sequence of the I6S-23S spacer region from 
Mycobacterium ceiatum ITG 94-123 (SEQ ID NO 170) 

represents the DNA sequence of the 16S-23S spacer region from 
Mycobacterium haemophilum ITG 776 (SEQ ID NO 171) 

represents the DNA sequence of the 16S-23S spacer region from 
Mycobacterium haemoohilum ITG 778 (SEQ ID NO 172) 

represents the DNA sequence of the 16S-23S spacer region from 
Mycobacterium haemoohilum ITG 3071 (SEQ ID NO 173) 
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Fig 97 : represents the DNA sequence of the 16S-23S spacer region from 
Mycobacterium chelonae ITG 94-330 and ITG 94-379 (SEQ ID NO 174) 

Fig 98 : represents the DNA sequence of a 16S-23S spacer region from Yersinia 
enterocolitica strain P95 (SEQ ID NO 195) 

5 Fig 99 : represents the DNA sequence of a 16S-23S spacer region from Yersinia 
enterocolitica strain P95 (SEQ ID NO 196) 

Fig 100 ; represents the DNA sequence of the 16S-23S spacer region from Chlamydia 
trachomatis strain SSDZ 94 M 1961 (SEQ ID NO 197) 

Fig 101 : represents the DNA sequence of a 16S-23S spacer region from Listeria -like 
10 isolate MB 405 (SEQ ID NO 213) 

Fig 102 : represents the DNA sequence of a 16S-23S spacer region from Listeria -like 
isolate MB 405 (SEQ ID NO 214) 

Fig 103 : represents the DNA sequence of a 16S-23S spacer region from Listeria -like 
isolate MB 405 (SEQ ID NO 215) 

15 
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TABLE LEGENDS 

Table la: List of all new probes originating from the I6S-23S rRNA spacer region 

Table lb: List of possible primers to be used for caxon-specific amplification of the 
spacer region or pan of it. 

Table 2: Hybridization results for Pseudomonas 

Table 3: Different probe patterns obtained for mycobacterial strain-types 

Table 4: Mycobacteria strains tested in LiPA 

Table 5: Hybridization results for Listeria (Probes LMOl, 2, LSE1, LIV1, LIS1) 

Table 6: Hybridization results for Listeria (Probes LM03, LISi) 

Table 7: Hybridization results for Chlamydia 

Table 8: New mycobacterial probes and hybridization results 

Table 9: Hybridization results for Brucella 

Table 10: Hybridization results for Staphylococcus 
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Table la 

PROBE SEQUENCE SEP TP NO 

MYC-ICG-l : ACTGGATAGTGGTTGCGAGCATCTA 1 

MYC-ICG-22 : CTTCTGAATAGTGGTTGCGAGCATCT 2 

MTB-ICG-1 : GGGTGCATGACAACAAAGTTGGCCA 3 

MTB-ICG-2 : G AC 1 ' I'G' 1 ' 1"CC AGGTGTTGTCCC AC 4 

MTB-ICG-3 : CGGCTAGCGGTGGCGTGTTCT 5 

MAI-ICG-1 : C AAC AGC AAATG ATTGC C AGAC AC AC 6 

MIL-ICG-11 : GAGGGGTTCCCGTCTGTAGTG 7 

MIL-ICG-22 : TGAGGGGTTCTCGTCTGTAGTG 8 

MAC-ICG- 1 : CACTCGGTCGATCCGTGTGGA 9 

MAV-ICG-l : TCGGTCCGTCCGTGTGGAGTC 10 

MAV-ICG-22 : GTGGCCGGCGTTCATCGAAA 11 

MIN-ICG-1 : GCATAGTCCrTAGGGCTGATGCGTT 12 

MIN-ICG-2 : GCTGATGCGTTCGTCGAAATGTGTA 13 

MIN-ICG-22 : CTGATGCGTTCGTCGAAATGTGT 14 

MIN-ICG-222 : TGATGCGTTCGTCGAAATGTGT 15 

MIN-ICG-2222 : GGCTGATGCGTTCGTCGAAATGTGTAA 16 

MAL-ICG-1 : ACTAGATGAACGCGTAGTCCTTGT 1" 

MHEF-ICG-1 : TGGACGAAAACCGGGTGCACAA 18 

MAH-ICG-1 : GTGTAATTTCTTTTTTAACTCTTGTGTGTAAGTAAGTG 19 

MCO-ICG-11 : TGGCCGGCGTGTTCATCGAAA 20 

MTH-ICG-11 . : GCACTTCAATTGGTGAAGTGCGAGCC 21 

MTH-ICG-2 : GCGTGGTCTTCATGGCCGG 22 

MEF-ICG-11 : ACGCGTGGTCCTTCGTGG 23 

MSC-ICG-1 : TCGGCTCGTTCTGAGTGGTGTC 24 

MKA-ICG-1 : GATGCGTTTGCTACGGGTAGCGT 25 

MKA-ICG-2 : GATGCGTTGCCTACGGGTAGCGT 26 

MKA-ICG-3 : ATGCGTTGCCCTACGGGTAGCGT 27 

MKA-ICG-4 : CGGGCTCTGTTCGAGAGTTGTC 28 

MCH-ICG-1 : GGTGTGGACTTTGACTTCTGAATAG 29 

MCH-ICG-2 : CGGCAAAACGTCGGACTGTCA 30 
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LSE-ICG I : ACrTTAGCATAAGTAGTGTAACTATTTATGACACAAG 44 

LISP-ICG I : CGTTTTCATAAGCGATCGCACGTT 212 

CHTR-ICG I : GGAAGAAGCCTGAGAAGGTTTCTGAC 45 

CHTR-ICG 2 -. GCATTTATATGT.AAGAGCAAGCATTCTATTTCA 46 

5 CHTR-ICG 3 : GAGTAGCGTGGTGAGGACGAGA 47 

CHPS-ICG I : GGATAACTG7CTTAGGACGGTTTGAC 48 

MPN-ICG 1 : ATCGGTGGTAAATTAAACCCAAATCCCTGT 49 

MPN-ICG 2 : CAGTTCTGAAAGAACATTTCCGCTTCTTTC 50 

MGE-ICG 1 : CACCCATTAATTTTTTCGGTGTTAAAACCC 51 

10 Mycoplasma-ICG : CAAAACTGAAAACGACAATCTTTCTAGTTCC 52 

STAU-ICG 1 : TACCAAGCAAAACCGAGTGAATAAAGAGTT 53 

STAU-ICG 2 : CAGAAGATGCGGAATAACGTGAC 54 

STAU-ICG 3 : AACGAAGCCGTATGTGAGCATTTGAC 55 

STAU-ICG 4 : GAACGTAACTTCATGTTAACGTTTGACTTAT 56 

15 ACI-ICG I : GCTTAAGTGCACAGTGCTCTAAACTGA 57 

ACI-ICG2 : CACGGTAATTAGTGTGATCTGACGAAG 58 

BRU-ICG 1 : CGTGCCGCCrTCGTTTCTCTTT 59 

BRU-ICG 2 : TTCGCTTCGGGGTGGATCTGTG 60 

BRU-ICG 3 : GCGTAGTAGCGTTTGCGTCGG 193 

20 BRU-ICG 4 : CGCAAGAAGCTTGCTCAAGCC 194 

SALM-ICG 1 : CAAAACTGACTTACGAGTCACGTTTGAG 61 

SALM-ICG 2 : GATGTATGCTTCGTTATTCCACGCC 62 

STY-ICG I : GGTCAAACCTCCAGGGACGCC 63 

SED-ICG 1 : GCGGTAATGTGTGAAAGCGTTGCC 64 

25 YEC-ICG 1 : GGAAAAGGTACTGCACGTGACTG 198 

YEC-ICG 2 : GACAGCTGAAACTTATCCCTCCG 199 

YEC-ICG 3 : GCTACCTGTTGATGTAATGaGTCAC 200 

CHTR-ICG 4 : GAGTAGCGCGGTGAGGACGAGA 201 
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Table lb 

PRfMERS SEQUENCE SEP ID NO 

MYC-P1 : TCCCTTGTGGCCTGTGTG 65 

MYC-P2 : TCCTTCATCGGCTCTCGA 66 

5 MYC-P3 : GATGCCAAGGCATCCACC 67 

MYC-P4 : CCTCCCACGTCCTTCATCG 68 

MYC-P5 : CCTGGGTTTGACATGCACAG 192 

CHTR-P1 : AAG GTTTCTG A CT AGGTTGGGC 69 

CHTR-P2 : GGTGAAGTGCTTGCATGGATCT 70 

10 LIS-P1 : ACCTGTGAGTTTTCGTTCTTCTC "1 

LIS-P2 : CTATTTGTTCAGTTTTGAGAGGTT 72 

LIS-P3 : ATTTTCCGTATCAGCGATGATAC 73 

LIS-P4 : ACGAAGTAAAGGTTGTTTTTCT 7* 

LIS-P5 : GAGAGGTTACTCTCTTTTATGTCAG 75 

15 LIS-P6 : CTTTTATGTCAGATAAAGTATGCAA 202 

LIS-P7 : CGTAAAAGGGTATGATTATTTG 203 

BRU-P1 : TCGAGAATTGGAAAGAGGTC 20^ 

BRU-P2 : AAGAGGTCGGATTTATCCG 205 

BRU-P3 : TTCGACTGCAAATGCTCG 206 

20 BRU-P4 : TCTTAAAGCCGCATTATGC 207 

YEC-Pl : CCTAATGATATTGATTCGCG 208 

YEC-P2 : ATGACAGGTTAATCCTTACCCC 209 
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EXAMPLE 1 : Pseudomonas aeruginosa 

Pseudomonas aeruginosa is a significant human pathogen, usually in the context of 
serious underlying disease. It is also a major cause of nosocomial infections, which are 
characteristically prone to resistance to antimicrobial agents. This gram-negative, non- 

5 fermentative rod can be responsible for different clinical manifestations, like wound 
infections, bacteremia, respiratory and urinary tract infections, and is also a major cause of 
morbidity and mortality in patients with cystic fibrosis. 

Pseudomonas species are currently differentiated based on growdi characteristics and 
several biochemical features implying a time schedule of 24h to 72h to get a correct 

10 identification of the pathogen. 

Already the development of monoclonal or polyclonal antibodies significantly 
improved the identification of Pseudomonas species. Recently however it has been shown that 
it is possible to detect organisms directly in clinical samples on a very sensitive and specific 
way using DNA probes with or without a prior amplification of the target DNA. 

15 DNA probes to study Pseudomonas aeruginosa are already described and are mainly 

used for epidemiological typing (Ogle et aL, 1987; Samadpour et aL, 1988; Mcintosh et aL, 
1992). However, none of these probes have been derived from the 16S-23S spacer. 

The 16S-23S rRNA gene spacer region and a part of the 23S rRNA gene was 
amplified with conserved primers (upper primer: TGGGGTGAAGTCGTAACAAGGTA . 

20 SEQ ID NO 155; lower primer: CCTTTCCCTCACGGTACTGGT. SEQ ID NO 156) using 
the polymerase chain reaction for the following species : 

- Pseudomonas aeruginosa 5669 ■ 

- Pseudomonas alcaligenes LMG 1224 T 

- Pseudomonas fluorescens LMG 5167 
25 - Pseudomonas putida LMG 2232 

- Pseudomonas stutzeri LMG 2333 T 

- Pseudomonas oseudoalcaligenes LMG 1225 7 

To facilitate cloning of the obtained amplicons a Nod recognition site was added to 
the lower primer. After purification and digestion of the fragment with Nod, the amplicon 
30 was cloned in a EcoRV/Nod digested pBluescript SK* plasmid vector. 

Sequencing of the 16S-23S rRNA gene spacer region was performed according the 
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dideoxy-chain terminating chemistry either using doubie stranded plasmid DNA combined 
with primers located in the plasmid vector or directly on the PCR products after purification 
combined with internal PCR primers. 

Fig. 36 to 40 represent the nucleotide sequence of the 16S-23S rRNA gene spacer 
5 regions from the different Pseudomonas species described above. For P. fluoresces only 
partial sequence information was obtained. 

From the nucleic acid sequence of the spacer from P. aeruginosa strain 5669 five 
oligonucieotide-probes were chosen and chemically synthetized. Tne sequences of the 
oligonucleotides are the following : 
10 PA1 = PA-rCG 1 : TGGTGTGCTGCGTGATCCGATA 

PA2 « PA-ICG 2 : TGAATGTTCGTGGATGAACATTGATT 

PA3 = PA-ICG 3 : C A CTGGTG A TC ATTC A A GTC A A G 

Specificity and sensitivity testing of the oiigonucieotide-probes was carried out using 
a reverse hybridization assay. Genomic DNA of the different bacteria tested was amplified 
15 using biotinylated primers (idem primers as for cloning procedure, see above). Tne obtained 
amplicon, spanning the 16S-23S rRNA gene spacer region, was denatured and hybridized to 
a membrane-strip onto which the different oligonucleotide probes were immobilized in a line- 
wise fashion (UP A). Hybridization was carried out in a mixture of 3xSSC (IxSSC = 0.15 
M NaCl, 0.015 M sodium citrate, pH 7.0) and 20% formamide (FA) at a temperature of 50° 
20 C for one hour. Washing was done in the same mixture at the same temperature for 15 mtn. 

Hybrids were detected using astreptavidine conjugate coupled to alkaline phosphatase 
and the probes were visualized through a precipitation reaction using NBT 
(nitrobiuetetrazolium) and BCIP (bromo-chloro-indoly [phosphate). 

The hybridization results obtained with probes PA l t PA2 and PAS are given in table 
25 4 and show that probes PA1 and PA3 were 100% specific for Pseudomonas aeruginosa and 
hybridized to all the strains tested. The hybridization signal with probe PA3 at 50° C was 
not optimal, so the oligonucleotide-probe was improved by adding some additional 
nucleotides to the specific probe. Tnis newly designed probe is PA5. 

PA5 = PA-ICG 5 : CTCTTTCACTGGTGATCATTCAAGTCAAG 
30 Hybridization experiments with probe PA5 proved that this probe also shows a 100% 

specificity and 100% sensitivity for JL. aeruginosa . 

Oligonucleotide-probe PA2 hybridized only to 5 out of 17 P. aeruginosa strains tested. 
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Direct sequencing of the 16S-23S rRNA gene spacer region of the strains which did not 
hybridize to these probes, showed some heterogeneity between different strains. Two 
mismatches were seen in comparison to the first developed PA2 probe. To overcome this 
heterogeneity between different strains in the region of probe PA2 a new probe PA4 was 
5 designed. This probe is degenerated at the position of the mismatches and some additional 
nucleotides were added to improve the hybridization signal at 50° C. 

PA4 » PA-ICG 4 : TGAATGTTCGT(G/A)(G/A)ATGAACATrGATTTCTGGTC 
A 100% specificity and 100% sensitivity was obtained with this degenerated probe 
as is shown by die hybridization results. 
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taxa tested 



PA1 


PA2 


PA3 


PA4 


PA5 


T7/T7 


ji I / 


17/17 


17/17 


17/17 


n/1 
\ji i 


U/ 1 


0/1 


0/1 


0/! 


0/1 


0/1 


0/1 


0/1 


0/1 


0/1 


0/! 




U/ 1 


0/1 


0/1 


0/1 


0/1 


0/! 


0,! 


0/1 


0/1 


O/I 


O/I 


0/1 


0/1 


0/1 


0/1 


ND 


ND 


0/1 


0/1 


0/1 


ND 


ND 


0/1 


0/1 


0/1 


ND 


ND 


0/1 


0/1 


0/1 


ND 


ND 


0/1 


0/1 


0/1 


ND 


ND 


0/1 


0/1 


0/1 


ND 


ND 


0/1 


0/1 


0/1 


ND 


ND 


0/1 


0/1 


0/1 


ND 


ND 


0/4 


0/4 


0/4 


ND 


ND 


0/2 


0/2 


0/2 


ND 


ND 


0/3 


0/3 


0/3 


ND 


ND 


0/1 


0/! 


0/1 


ND 


ND 


0/2 


0/2 


0/2 


ND 


ND 



Pseudomonas aeruginosa 
Pseudomonas alcaiigenes 
Pseudomonas fiuorescens 
Pseudomonas outida 
Pseudomonas pseudoaicaiigene* 
Pseudomonas stutzeri 
Pseudomonas cepacia 
Neisseria gonorrhoeae 
Escherichia coii 
Bordeteila pertussis 
Bordeteila parapertussis 
Bordeteila bronchiseprica 
Mycobacterium tuberculosis 
Mycobacterium avium 
Moraxeila catarrhalis 
Haemophilus influenzae 
Streptococcus pneumoniae 
Acinetobacter calcoaceticus 
Staphylococcus aureus 



Table 2 : Hybridization results for Pseudomonas 
(n/m: number of strains posirive/number of strains tested) 

(ND: not done) 
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EXAMPLE 2: Mycobacterium 

A variety of mycobacterial species may be involved in serious human infectious 
disease. Notorious examples are Mycobacterium tuberculosis and Mycobacterium leurae. 
5 Recendy other species such as M. avium^ M. intracellular and M. kansasii have been more 
frequendy encountered as human pathogens especially in immunocompromised hosts. 

Consequendy , laboratory diagnosis of mycobacterial infections should not be restricted 
to the M. tuberculosis complex but should ideally include most other clinically relevant 
mycobacterial species. 

10 The identification and differentiation of pathogenic mycobacteria at the species level 

by conventional laboratory techniques is, in general, difficult and time-consuming. 

To overcome these problems DN'A-techniques were implemented. The techniques 
described extended from straightforward DNA-probing to automated sequence analysis. 
Several approaches have been recently reported (Jonas et aL, 1993; Frothingham and Wilson, 
15 1993; Tomioka et aL, 1993; Saito et aL, 1989; Vaneechoutte et aL, 1993; Teienti et aL. 
1993; Boddinghaus et aL, 1990). 

However, these methods all have their particular disadvantages, and most of them still 
rely on culture. Moreover, and most importantly, none of these techniques allows for a 
simultaneous detection of the different clinically relevant mycobacterial species in a single 
20 test run. Besides, the differentiation of particular groups within the Mycobacterium avium- 
intracellular complex is problematic and often even impossible. 

To overcome the above-mentioned disadvantages, a LiPA-test was developed which 
allows for the simultaneous and reliable detection and differentiation of a number of 
Mycobacterium species and groups. The sets of probes used to achieve these goals were all 
25 derived from the 16S-23S rRNA spacer region. The methods used are analogous to those 
mentioned in example 1 . 

The 16S-23S rRNA spacer region, and pan of the 16S and 23S rRNA flanking genes, 
was amplified by PCR with primers conserved for the genus Mycobacterium. At least one 
of the following primers located in the 16S gene were used as upper primers: 
30 MYC-P1: TCCCTTGTGGCCTGTGTG (SEQ ID NO 65) 

MYC-P5: CCTGGGTTTGACATGCACAG (SEQ ID NO 192) 

At least one of the following primers, located in the 23S gene, were used as lower primers 
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for the amplification: 

MYC-P2: TCCTTCATCGGCTCTCGA (SEQ ID NO 66) 

MYC-P3: GATGCCAAGGCATCCACC (SEQ ID NO 67) 

MYC-P4: CCTCCCACGTCCTTCATCG (SEQ ID NO 68) 

5 All the above mentioned primers amplified the spacer region of all Mycobacterium strains 
tested, except primer MYC-P2 which was not functional for M. chelonae. In order to 
enhance the sensitivity of the detection, a nested PCR was sometimes carried out, using P5 
and P4 as outer primers and PI and P3 as inner primers. 

In order to be able to design and select the probes and probe combinations which fit 
10 our purpose, the 16S-23S rRNA spacer region of a number of mycobacterial strains was 
sequenced. The obtained sequences were compared to each other and :o those already known 
from literature (e.g. Frothingham et al., 1993. 199^; Kempseil et ai., 1992: Suzuki et al.. 
1988; EP-A-0395292; Van der Giessen et al., I99<t; ) or from pubiicly accessabie data 
banks. The corresponding sequences are represented m fig. 1 to 35 (SEQ ID NO 76 to SEQ 
15 ID NO 110). 

The probes derived from these data were all adjusted in such a way that the desired 
hybridization-behaviour was obtained using unified hybridization and wash conditions (Le. 
3xSSC, 20% deionized formamide, 50°C). Tne set of adjusted probes used for hybridization 
to different mycobacterial strains is represented in table la, SEQ ID NO 1-33. Please note 
20 that the probe nomenclature used in this example is an abbreviated version of the one used 
in table la: i.e. the letters "ICG" have always been omitted. According to the specific 
hybridization pattern obtained, the strains tested could be assigned to one of die following 
species or species groups: Af. tuberculosis complex, Af. avium, M. intracellular or M. 
intracellulars complex, Af. kansasii, Af. chelonae and M. gordonae. The strains tested which 
25 belong to each group are summarized in Table 4. All strains were obtained from the Institute 
of Tropical Medecine, Antwerp, Belgium. The different probe-patterns obtained for each 
group are illustrated in Table 3, and are discussed in more detail hereafter. 
M. tuberculosis complex 

The M. tuberculosis complex harbours all strains belonging to M. tuberculosis, Af. 
30 bovis, Af. africanum and Af. microti. The probes Mtbl, Mtb2 and Mtb3 hybridize 

with DNA originating from all Af. tuberculosis complex strains tested. None of the 
other strains tested hybridized with these probes at the conditions used. 
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In addition, M. tuberculosis complex strains, as is the case with all other 
mycobacterial strains tested, hybridize with either the mycl or die myc22 probe or 
both. The latter two probes are designed as general Mycobacterium probes, either 
alone or in combination with each other. 
5 Af- aviumlM. paratuberculosis 

All AT. avium and Af. paratuberculosis strains studied reveal an identical hybridization 
pattern with the set of probes. For this type of organisms positive hybridization 
signals are obtained with the probes mycl/myc22. mail, mill I. mavl, mahl and 
mav22. The latter two probes hybridize exclusively with A/, avium and Af. 
10 paratuberculosis strains, and can thus be used as species-specific probes. Since the 

16S-23S spacer sequences of Af. avium isolates and Af. paratuberculosis isolates are 
identical or nearly identical these two taxa cannot be discriminated from each other. 
This finding supports 16S rRNA sequencing data which indicate that Af. avium and 
Af. paratuberculosis should in feet be considered as belonging to one geno-species 
15 (Rogal et aL, 1990), Af. avium ssp. avium and M. avium ssp. paratuberculosis. 

Af. intracelhdare and Af. intracellulare complex (MIC) 

MIC strains are genotypically highly related organisms, which, according to sequence 
data of the 16S-23S rRNA spacer region, belong to a distinct cluster which is separate 
from other Mycobacterium species. Af. avium and Af. scrofulaceum are their closest 
20 relatives. Almost all strains tested which are generally referred to as Af. avium 

complex (MAC) strains (the former MAIS-compiex) can be found in the MIC group. 
Thus, the MIC group defined in the current invention encompasses the MAC-type 
strains described by Frothingham and Wilson (1993) with the exception of MAC-G 
which appears to be Af . scrofulaceum. Also Af. intracellulare strains sensu striao (Af . 
25 intracellulare s.s.) are pan of this cluster. 

Because this MIC group contains a quite large group of strains with, among them, 
subgroups showing different hybridization characteristics to the set of probes, a 
further subdivision into MIC-types was envisaged. 

Type MIC 1 harbours Af. intracellulare s. s. , together with some other MAC-strams. 
30 All MIC 1 type isolates, without exception, hybridize to die following probes: 

mycl/myc22 y mail and macl. The following probes can be used to make further 
subdivisions within the MIC 1 group : milll. mini, min2 to 2222. mil22 and 
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mhefL 

A/, imracelluiare sensu striao strains itype MIC l.l.a ) can be distinguished from 
other subtypes in this group by virtue of probe mini which is positive only for this 
group of strains* Ail strains of type MIC 1. l.a strains are positive when tested with 
5 the M, imracellulare probe of the Gen- Probe Rapid Diagnostic system for MAC, 

Type MTC 1.1, b and MIC 1.2 harbour strains which are highly related to M. 
imracellulare. They can be differentiated by using probes mill 1 and raiI22 (see Table 
3). Further subdivision within these groups was not attempted although this could be 
achieved by using the probes : mini. min22, min222 and min2222. Further 
\Q subdivision might be of value for epidemiological reasons. 

Only two of our collection of strains tested group as MIC 2 strains. One of these 
strains is a "Mycobacterium lufu strain fITG 4*55). The specific probe pattern 
generated by these strains is characterized by a positive hybridization signal with the 
following probes : mycl/'myc22, mail, mil22 ? mahl and mall. Variable 
15 hybridization results are obtained with probes min2222, macl and mhefl. Tne other 

probes are negative. It is not unlikely that MIC 2 would eventually prove to be a 
heterogeneous group when more strains of this type are being identified. Tne variable 
probes may help in a further differentiation, if this would become relevant. 
Type MTC 3 groups a fairly high number of MAC-strains which are rather remotely 
20 related to M. imracellulare s.s. strains and most other MAC-strains. This cluster 

should be regarded as distinct from M. avium and M. imracellulare on genotypical 
grounds. All MIC 3 subtypes hybridize to probes mycl/myc22 ? mail* miI22 and 
mcol. A positive signal with the latter probe (meal) is characteristic for MIC 3 
•strains. Variable hybridization results are obtained with the following probes : macl, 
25 mhefl and mahl. MIC 3 can be further subdivided into four subtypes by using three 

probes : mthll, mth2 and mefll. Probe mth2 is specific for type MIC 3,1. which 
encompasses a group of highly related MAC-strains isolated from immuno- 
compromised human beings. Most MIC 3 strains are located in the MIC 3.1 subtype. 
Eventually species status may be assigned to this group of strains, as might also be 
30 the case for other groups of MAC strains, yet unnamed. In subtypes MIC 3A MI£ 

3,3 and MIC 3.2 only two, one and one strain are found respectively in our collection 
of strains tested. 
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Type MIC 4 is a collection of "MAIS" strains (including At. rnalmoense) which are 
remotely related to A/, intracellulare. The only probe of the above-described set 
which hybridizes to MIC 4, apart from die general mycl/myc22 probes, is the mail 
probe. Tnis probe shows a broad specificity, hybridizing also with M. avium, M. 
5 imracellulare and other MIC strains and M. scrofulaceum. 

M, scrofulaceum 

All M. scrofulaceum strains tested reveal an identical hybrdization pattern with the 
set of probes. A positive signal with probe mscl is unique to M. scrofulaceum 
strains. Tne only other probes with a positive signal for this species are evidently 
10 mycl/myc22 and also mail. 

A /, kansasii 

Probes mka3 and mka4 are specific for M. kansasii: i.e. a distinct positive signal is 
obtained on the LiPA strip when amplified DNA from the M. kansasii strains is used 
in the hybridization whilst with all other organisms tested the signal is absent. 

15 Although the sequences of probes mkal and mka2 are not absolutely complementary 

to the target sequence (3 and 1 mismatches t respectively), these probes also proved 
to be useful since they hybridized exclusively to M. kansasii DNA and not to any 
other mycobacterial DNA tested under the conditions used (50°C, 3xSSC. 20% 
formamide). Tnis illustrates that probes not necessarilly have to match perfectly to 

20 the target to be useful, and that modifications in sequence and length may be allowed 

up to a certain degree. 
M. chelonae 

The species M. chelonae encompasses M. chelonae ssp. chelonae and M. chelonae 
ssp. abscessus strains. Tne spacer region was sequenced for one strain of each 
25 subspecies and small differences were noticed (SEQ ID NO 103 and SEQ ID NO 

102). Probes mcfal and mdi2 hybridize to both strains. All other probes are negative 
for these 2 strains except for mycl/myc22. 

Upon testing of probes mchl and mch2 with 2 additional Af. chelonae strains not 
mentioned in table 4, i.e. Af. chelonae 94-379 and M. chelonae 94-330. both obtained 
30 from the Institute of Tropical Medecine in Antwerp, Belgium, it appeared that they 

did not hybridize to probe mchl. This was confirmed by sequencing the spacer region 
of these two strains (SEQ ID NO 184). Cluster analysis of the spacer region with 
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other mycobacteria revealed that NT chelonae strains can be subdivided in two 
groups. A third probe mch3 was designed to specifically detect this second group of 
strains, to which 94-379 and 94-330 belong. 

This illustrates that the use of DNA probes derived from the 16S-23S rRNA spacer 
5 region can be helpful in differentiating different groups of strains, which belong to 

the same species according to the classical identification methods, and possibly can 
be used to detect and describe new species within the mycobacteria. In this case mch2 
detects all M. chelonae strains, whereas mchi and mchj differentiate between 
different subgroups. 
10 M+ gordonae 

The five M. gordonae strains tested all hybridize to probe mgo5. Positive 
hybridization signals are aiso obtained with probes mycl/myc22. and some M. 
gordonae strains also hybridize to probes mgol and mgo2. 
other mycobacterial species 
15 Strains belonging to other mycobacterial species than those mentioned above only 

hybridize to the general probes mycl/myc22. This indicates that these strains most 
probably belong to the genus Mycobacterium, but do not belong to one of the species 
or groups which can be specifically identified by using one or more of the other 
probes described. 

20 

In conclusion we can state that, according to the particular combinations of probes of 
the invention used, DNA probe tests at different levels can be provided. 

When all probes are used in one and the same LiPA-test, differentiation at the species 
level as well as subtyping of certain groups of mycobacteria can be achieved. However, the 

25 probe-assembly on one strip could be restricted to those probes which are species-specific; 
in that case identification is performed at the species level. A further reduction of the number 
of probes on the strip might lead to the specific detection of only one or just a few species. 
Obviously, UP A strips can be designed which solely attempt to subtype strains, e.g. those 
belonging to the M. intracellular* complex (MIC). Depending on the particular needs of the 

30 laboratoria performing diagnosis and/or typing of mycobacteria, all these different 
applications might be of value. However, it is clear that by using a combination of probes 
in a LiPA-format the amount of information obtained as to the identity of the organisms 
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present in the clinical sample, is considerably increased as compared to DNA probe cests 
using only a single probe. For some groups, or at least for further subdivision of some 
groups, a single probe uniquely hybridizing to this (sub)group could not be designed. In that 
case only probe-patterns are able to provide the information needed. For these applications 
the LiPA is an advantageous format. 
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Table 4 Mycobacteria strains tested in LiPA 



species/group 


strain numbers from Institute of Tropical Medecine Antwerp 
{except those between parentheses) 


M. tuberculosis complex 


7602, 3004. 8017. 8647. 8872, 9081. 9129. 9173. 9517 (ATCC ->7?94) 
3324, 8428 ' 


I M. avium/ 
M naraoihffrciiinci*; 


I10L 1983, 2070. 2074. 4176, 4189. 4191. 4193. 4197. 4204. 4386. 4991 

^R7^ ^£74. <J?57 COQ-J <QQA coot cnn-< a - _ * 

jo^-. jo/h>, jso**, joo/, DoVJ, joV4. 5897. 59Qj. 5904 5905 59 7 7 5983 
8130. 8750, (ATCC 25291). M. naratuh : (316F), (2E) * 


M. intraceiluiare 
(MIC I.I.a) 


4199,4208, 5701.5880. 5906.5908, 5909.5913.5915 5917 5913 59?Q 
5921. 5924, 5925, 5929. 8713, 8717. 8713. 8720. 3721 37^ 875"' 87 ^ 
874[, 8742. 8744. 8747. 8749 


MIC l.Lb 


. 3694. 8745. 8754 
3708 

-? J u , o / *T J 

8054. 3190 


Mir i i 


omu. o> u, 5* i_. 8/ 14, a/ is. 8/ 16. S/2j, 8729 3 37*7 8746 37^1 
8752 

5919 
8695 
8743 


MIC 2 


5922 

4755 (M. tafii) 


MIC 3.4 


1815 
8707 


MIC 3.3 


5620 


MIC 3.1 


925. 926, 1329. 1733. 1794. 1312. 1818, 2069. 2073. 2076. 4541, 4543. 

$(Y?A ^72fi ^72Q 7*:o< 0***?Q vc** 

8733 


MIC 3.2 


5765 


M. scrofulaceum 


4979. 4988. 5907, 8706, 8726. 3727, 8735. (MB022L (M3023). (MB024) 


M. kansasii 


4987, (ATCC 22478) 




*t!7 / J, 7QJJ 


M. gordonae 


7703, 7704, 7836, 7838. 3059 


MIC 4 


8723, 8724 
8757 

4842 (M. malmcense) 


odier mycobacterial 
species 


7732 (M. marinum), 94-123 (M. celacum), 773 (M. haemophiium). 8777 
(M. cenavense). 4484 (M. siniae). 4986 (M. xenopi). 4304 (M. forcuitum). 
1837 (M. uicenns) 
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EXAMPLE 3: Listeria 

Listeria species are a group of Gram-positive rods widely spread in nature. Within 
this group it seems that only monocytogenes is pathogenic to humans and animais. L. 
5 monocytogenes is the causative agent of listeriosis, giving rise to meningitis, abortions, 
encephalitis and septicemia. Immunocompromised individuals, newborn infants and pregnant 
women are high risk groups for this foodborn disease. Most cases have been caused by the 
consumption of food of animal origin, particularly soft cheeses. Therefore, the presence of 
L monocytogenes should be excluded from food. For safety measurements, in some 
10 countries, the absence of all Listeria species is required in food products. 

The classical identification method for L monocytogenes in dairy products involves 
an enrichment culture for 48 h and subsequently coiony forming on selective agar medium 
for 48 h followed by a whole set of biochemical and morphological assays (Farber and 
Peterkin, 1991). This procedure could be very much simplified by the use of gene probes. 
15 Several DN A probes are already described for the identification of L^ monocytogenes. 

Some probes are derived from genes responsible for the pathogenicity of the organism, for 
instance the listerioiysin 0 gene (Datta et aL, 1993) or the invasion-associated-protein (iap) 
(Bubertet al., 1992). 

A commercially available identification system, based on a specific 16S rRNA probe. 
20 was introduced by GenProbe (Herman and De Ridder. 1993; Ninet et ai.. 1992). 

These specific probes are used as confirmation assays on colonies obtained after 
enrichmnent and plating on selective agar medium. 

Recently several publications reported on the use of the polymerase chain reaction to 
amplify the target region for the DNA probes, which can shorten the time of the assay 
25 without interfering with the specificity and the sensitivity of the assay. Different primer sets 
are described that can specifically amplify L monocytogenes DNA. These primer sets were 
derived from the listerioiysin 0 gene (Goistein Thomas et al., 1991), and the iaa gene (Jaton 
et al., 1992). 

We used the 16S-23S rRNA gene spacer region as the target for the development ot 
30 a genus-specific probe for Listeria and a probe specific for Listeria monocytogenes. 

Using conserved primers derived from the 3' end of the 16S rRNA and the 5* end or 
the 23S rRNA (sequences are given in example 1) the spacer region was amplified using the 
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polymerase chain reaction and subsequently cloned in a suitable plasm id vector following the 
same procedures as in example 3. 

Two ampiicons differing in length (800 bp and 1 100 bp) were obtained. Both PCR 
fragments were cloned for the following Listeria species : 
5 - Listeria monocytogenes , serovar 4b, IHE (Instituut voor Hygiene en 

Epidemiologic, Belgium) 

- Listeria ivanovii CIP 78.42 (Collection Nationaie de Cultures de 
Microorganisms de Tlnstitut Pasteur, France) 

- Listeria seeiigeri serovar 4a, nr. 42.68 (Bacteriologisches Institut, Sudd, 
10 Versuchs- und Forschungsanstalt fur Milchwinschaft Weihenstephan. Germany) 

Tne sequence of the spacer region between the 163 and 23S rRNA gene was 
determined using the cloned material originating from the 800 bp PCR fragment and this was 
done for the three described Listeria species. Fig. 41 to 43 show the sequences of the 
different short spacer regions obtained. The sequence of this short spacer region of L. 
15 monocytogenes was also retrieved from the EMBL databank (LMRGSPCR). 

Based on this sequence information, following oligonucleotides for species-specific 
detection were chosen and chemically synthesized : 

LMO-ICG-i : AAACAACCTTTACTTCGTAGAAGTAAATTGGTTAAG 

LMO-ICG-2 : TGAGAGGTTAGTACTTCTCAGTATGTTTGTTC 
20 LSE-ICG-1 : AGTTAGCATAAGTAGTGTAACTATTTATGACACAAG 

LIV-ICG-1 : GTTAGCATAAATAGGTAACTATTTATGACACAAGTAAC 
Also, a genus specific probe for Listeria was designed: 

US-ICG- 1 : CAAGTAACCGAGAATCATCTGAAAGTGAATC 
Tne oligonucieoride-probes were immobilized on a membrane strip and following reverse 
25 hybridization with biotinylated PCR fragments, the hybrids were visualized using a 
precipitation reaction. The hybridization results of different Listeria species are summarized 
in table 5. 
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Table 5 



Species 


n 


LISl LMOl 


LM02 LSE1 


LIVl 


L. monocytogenes 


1 


+ 










L. seeligeri 


2 






i 


-r 




L. ivanovii 


3 


+ 






-r 




L. wefshimeri 


3 












L. tnnocua 


2 













Taese hybridization results show that probe LISl can derec: all described Listeria 
species, but also that the species-specific probes cross-hybridize to each other. Hence, from 
this short spacer region probes with sufficient specificity could not be found. 
15 For Listeria monocytogenes the 16S-23S rRNA gene spacer was also determined 

originating from the 1 100 bp fragment. Fig. 45 shows the sequence obtained for this species. 
This sequence information was also obtained for L. seeljgeri (see fig. 46) and partial 
sequence information of the large spacer region was obtained for L ivanovii (see fig. 44). 
Based on sequence alignment with seel teen following oiigonucleotide-probe was 
20 chosen to specifically detect L. monocytogenes . 

LMO-ICG-3 : AGGCACTATGCTTGAAGCATCGC 

Initial hybridization results (not shown) indicated that no cross-hybridization with 
other Listeria species was seen with this L monocytogenes probe LM03. and that all 
Listeria strains used hybridized to the general probe LIS 1 . 
25 The oligonucleotide-probes, LISl for detection of all Listeria species and LM03 for 

specific detection of L. monocytogenes , were immobilized on a membrane strip and 
hybridized to labeled amplicons, containing the 16S-23S rRNA spacer region, derived from 
different organisms. The hybridization results are shown in the following table. 

An excellent specificity and sensitivity were obtained for probes LM03 and LIS I 
30 respectively at the species and genus level. 
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Table 6 





Taxa tested 


n 


LIS I 


LM03 




Listeria monocvtosenes 


44 


+ 


-1. 


5 


Listeria ivanovii 


10 








Listeria seeitseri 


11 








Listena welshimeri 


16 








Listeria innocua 


23 


+ 






Listena murravi 


3 






10 


Listeria ^ravi 


2 








Brochotrix thermosnhacta 


1 








Brochotrix campestris 


I 








Bacillus cereus 


3 








Bacillus brsvis 


2 






15 


Baciil us coalsulans 


I 








Bacillus Dumiiis 


1 








Bacillus macerans 


I 








Bacillus lentus 


I 








Bacillus firmus 


2 






20 


Bacillus subtilis 


2 








Bacillus mesantum 


1 








Enterococcus faecal is 


1 








Enterococcus feecmm 


I 








Enterococcus durans 


1 






25 


Lactococcus lacris 


3 








Lactococcus case! 


1 








Escherichia coli 


I 








Hafnia halvei 


I 








Asrobacterium tumefaciens 


2 






30 


MvcoDlasma dimorsha 


1 








Clostridium tvrobutvricutn 


1 








Clostridium perfrinsens 


1 








Clostridium snorosenes 


1 


— 


— 




Clostridium acetobutvricum 


1 






35 


Brucella abortus 


i 








Brucella suis 


I 








Brucella melitensis 


I 








Staohvlococcus aureus 


I 








Salmonella tvnhimurium 


1 






40 


Salmonella enteritidis 


i 








Yersinia enEerocoIitica 


I 







n: number ot strains tested 
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These two probes can be used for the detection of Listeria species and Listeria 
monocytogenes direcdy on food samples or after enrichment of the samples in liquid broth. 
In both cases ampliflcarion problems can occur with the conserved primerset due to the 
enormous background flora in these samples. 

5 To circumvent this problem, we designed several sets of primers derived from the 

16S-23S rRNA spacer regions of Listeria species. 

Primers US-PI and LIS-P2 are upper primers, whereas L1S-P3 and LIS-P4 are lower 
primers. These primersets amplify the smaller 16S-23S rRNA spacer region as well as the 
larger spacer of Listeria species (except L. gravi and L, murravi) . If needed these primers 

10 can be used in a nested PCR assay where LIS-P1/LIS-P4 are the outer primers and LIS- 
P2/LIS-P3 are the inner primers. 

For the specific detection of Listeria monocytogenes probe LMO-lCG-3 was designed 
and derived from the large 16S-23S rRNA spacer region. In order to specifically amplify 
only this large spacer region for an improved detection of this pathogen direcdy in samples 

15 a set of primers was derived from the part of sequence information from the large I6S-23S 
rRNA spacer region that is not present in the smaller rRNA spacer. For this aim, primers 
LIS-P5 and LIS-P6 are used as the upper primers and LIS-P7 is used as the lower primer. 



LIS-P1 : ACCTGTGAGTTTTCGTTCTTCTC 71 

LIS-P2 : CTATTTGTTC AGTTTTG A G A GGTT 72 

20 LIS-P3 : ATTTTCCGTATCAGCGATGATAC 73 

LIS-P4 : ACGAAGTAAAGGTTGTTTTTCT 74 

' LIS-P5 : GAGaGGTTACTCTCTTTTATGTCAG 75 

LIS-P6 : Cl'I'l'i ATGTC AG ATAAAGTATGC A A 202 

LIS-P7 : CGTAAAAGGGTATGATTATTTG 203 



25 During the evaluation of the probes for Listeria spp. an organism was isolated from 

cheese that resembled Listeria according to the classical determination methods. This isolate 
(MB 405) showed the following characteristics (similar to Listeria spp.) : Gram positive, 
growth on Oxford and Tryptic Soy Agar, catalase positive. The only difference with the 
Listeria spp. was the motility, which was negative. 

30 Using the conserved primers as described in example I in order to amplify the 16S- 

23S rRNA spacer region of this isolate MB 405, the same amplicon pattern was obtained 
with this strain as with Listeria spp. Hybridization of the amplicon showed that there was no 
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signal obtained with any of the probes for Listeria spp. 

Sequencing of the I6S rRNA of isolate MB 405 and subsequent comparison with 
listeria spp. and relatives showed that the organism was more closely related to Listeria spp. 
-than to any other species described in the literature until now. Taxonomical studies will 
5 show if this isolate does or does not belong to the genus Listeria . This isolate, and 
subsequently isolated organisms from the same type, are referred to in this application as 
Listeria like organisms. 

Isolate MB 405 seemed to contain at least 3 different 16S-23S rRNA spacer regions 
which were cloned and sequenced. Following alignment with Listeria spp. an oligonucieotide- 
10 probe was chosen te specifically detect Ljsteria-like strains: 
LISP-ICG-l : CGTTTTCATAAGCGATCGCACGTT 
Reverse hybridization reactions of this probe with the 16S-23S rRNA spacer regions of 
Listeria spp. showed that there was no cross-hybridization. 
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EXAMPLE 4: ChiamvHin trachomatis 

Chlamydia trachomatis is a small obligate intracellular gram-negative bacterium, 
which has 15 serovars (A-K, Ba, LI, L2, and L3) distinguished by the major outer 
membrane protein (MOMP) and contains a cryptic piasmid required for intracellular growth. 
The A-K. and Ba serovars constitute the trachoma biovar, while the LI, L2. and L3 serovars 
constitute the LGV biovar. 

Serovars A, B, Ba, and C are commoniy associated with trachoma, the leading cause 
of preventable blindness worldwide. The D-K serovars are found mainly in sexually 
transmitted infections and are the major cause of cervicitis and pelvic inflammatory disease 
in women, and urethritis and epididymitis in men. Serovars LL L2 and L3 are involved m 
lymphogranuloma venereum, a rare sexually transmitted disease. 

Cell culture is regarded as the benchmark method for laboratory diagnosis, although 
specimen viability is difficult to maintain during transport and laboratory techniques are time- 
15 consuming and technically demanding. Therefore, a number of more rapid test kits were 
developed, such as an enzyme-linked immunosorbent assay, and direct fluorescent-antibody 
staining. However, none of these immunoassays have been shown to have high levels of 
sensitivity or specificity. 

A nonisotopic DNA probe assay (Gen-Probe PACE; Woods et aL, 1990) that detects 
20 chlamydial rRNA is commercially available. Recently, the polymerase chain reaction (PCR) 
method has been used for detection of Chiamvdia infections. Detection was targeted at either 
the cryptic piasmid (Loeffelholz et aL, 1992), or the omp\ gene, which encodes for the 
major outer membrane protein (Taylor-Robinson et aL, 1992). Compared with other 
techniques, PCR has higher sensitivity and specificity (Ossewaarde et aL, 1992). 
25 None of these assays make use of DNA probes derived from the 16S-23S rRNA 2ene spacer 
region. 

For a Chiamvdia trachomatis L2 and a Chlamydia psittaci 6BC strain, a pan of the 
ribosomal RNA cistron, containing the 16S-23S rRNA spacer region was amplified using 
conserved primers (see example 1) and subsequently cloned in a piasmid vector. The 16S-23S 
30 rRNA spacer region was sequenced using the dideoxychain terminating chemistry. 

The sequence of the spacer region of both Chiamvdia species is shown in fig. 47 to 

48. 
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Based on this sequence information, following oiigonudeotide-probes were chemically 
synthetized ; 

CHTR-ICG-i : GGAAGAAGCCTGAGAAGGTTTCTGAC 

CHTR-ICG-2 : GCATTTATATGTAAGAGCAAGCATTCTATTTCA 
5 CHTR-ICG-3 : GAGTAGCGTGGTGAGGACGAGA 

CHPS-ICG-l : GGATAACTGTCTTAGGACGGTTTGAC 

The oligonucieotide-probes were immobilized in a line-wise fashion on a membrane 
strip and subsequently used in a reverse hybridization assay with btotinyiated PCR products, 
containing the 16S-23S rRNA spacer region, as target. 
10 Hybridizations were done in a solution of 3x5SC and 20 % formamide (FA) at a 

temperature of 50 °C 

Tne hybridization results with the different probes are shown in the following tabie. 

Table 7 

15 



Strains tested 


CHTRl 


CHTR2 


CHTR3 


CHPS1 | 


Chlamvdia trachomatis L2 




+ 






Chlamvdia psittaci 6BC 








-r 


Chlamvdia nsittaci CP 










Chlamvdia osittaci TT 










Haemoohiius ducrevi CIP 542 










Haemophilus influenzae NCTC 8143 










Neisseria gonorrhoeae NCTC 8375 










Moraxeila catarrhalis LMG 5128 










Escherichia coli B 




: 






StreDtococcus pneumoniae S92-2102 











As shown in the table at a hybridization temperature of 50 °C the probes CHTRL 
CHTR2 and CHTR3 are specific for Chlamvdia trachomatis and probe CHPSI is specific for 
30 Chlamydia psittaci . 

Several clinical isolates, obtained from the SSDZ, Delft, Netherlands, identified as 
Chlamvdia trachomatis using conventional methods were tested in a reverse hybridization 
assay with the different oligonucieotide-probes. All Chiamvdia trachomatis specific probes 
gave a positive hybridization signal and none of the isolates reacted with the Chlamydia 
35 psittaci probe. For some clinical isolates the CHTR2 probe reacted significantly weaker than 
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CHTR1 or CHTR3. The spacer region of one of these isolates (94 M 1961) was sequenced 
(SEQ ID NO 197) and the sequence revealed one mismatch with the spacer sequence of 
strain L2. An additional probe (CHTR4) was derived from this new spacer sequence : 

CHTR-ICG-4 : GAGTAGCGCGGTGAGGACGAGA (SEQ ID NO 201) 

This probe gives a stronger hybridization signal than CH7R2 with some clinical isolates from 
Chlamydia trachomatis. It can be used alone, or in combination with the CHTR2 probe (e.g. 
both probes applied in one LiPA-line). 

In order to develop very sensitive assays for the detection of Chlamydia trachomatis 
directly in clinical specimens a specific primerset was derived from the 16S-23S rRNA 
spacer region, CHTR-P1 (upper primer) and CHTR-P2 (lower primer), amoHfvins 
specifically the spacer region of Chlamydia species. 

CHTR-P1 : AAGGTTTCTGACTAGGTTGGGC 69 
CHTR-P2 : GGTGAAGTGCTTGCATGGATCT 70 
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EXAMPLE 6: Mvcopiasma pneumoniae and Mycoplasma genitalinm 

Mycoplasmas are a group of die smallest prokaryotes known that are able 10 grow in 
cell-free media, lack a cell wall, and have very small genomes with a low G-f-C content. 
5 More than 100 different species have been isolated from humans, animals, plants, and 
insects. 

In humans, mycoplasmas have been recognized either as pathogenic organisms or as 
commensals. The best known pathogen is Mycoplasma pneumoniae , the causative agent of 
primary atypical pneumonia, especially in children and young adults. The diagnosis of 

10 pneumoniae has been based on the direct isolation by the culture method or on the detection 
Of specific antibodies against pneumoniae in the patient's serum. 

Another pathogen, first isolated from urethral specimens from patients with 
nongonococcal urethritis, has been described as Mycoplasma genital turn . Tms mycoplasma 
has several properties in common with NL pneumoniae . Both species are pathogenic, and 

15 both possess the capability to adhere to erythrocytes, various tissue cells, glass, and plastic 
surfaces. Furthermore, genitalium and Mu pneumoniae share antigens, giving rise to 
extensive cross-reactions in serological tests. The observation that NjL genitalium could also 
be found in respiratory tract specimens from patients with pneumonia and isolated from a 
mixture with M* pneumoniae has raised questions to the possible pathogenicity of NL 

20 genitalium . 

Since cultivation of both species is time-consuming and seroiogy lacks specificity, 
more rapid and more specific assays were developed to identify these mycoplasmas. Tne use 
of hybridization assays with DNA probes was described for these species, but despite good 
specificities these tests do not allow the detection of low levels of \L pneumoniae or NL 

25 genitalium . So more recently, DNA hybridization techniques were developed using the 
polymerase chain reaction. M. pneumoniae -specific PCR assays have been reported using the 
Pi adhesin gene (Buck et aL, 1992) and the 16S rRNA gene (Kuppeveld et aL. 1992). 
Specific PCR assays for }JL genitalium were described using sequences from the adhesin 
gene and the 16S rRNA gene. 

30 The spacer sequences of clinical isolates of M. pneumoniae and ML genitalium 

(obtained from U. Gobel, University of Freiburg, Germany) were determined. They are 
shown in fig. 49 to 50. The sequences show some differences to those from other strains or 
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the same species deposited in the EMBL databank (MPMAC and MGG37 respectively). 

Based on this information four probes were derived: one general Mycoplasma probe, two M. 

pneumoniae specific, and one M- genitalium specific probe : 

Mycoplasma-ICG: CAAAACTGAAAACGACAATCTTTCTAGTTCC 
5 MPN-ICG- 1 : ATCGGTGGTAAATTAAACCC AAATCCCTGT 

MPN-ICG-2: CAGTTCTGAAAGAACATTTCCGCTTCTTTC 
MGE-ICG-l: CACCCATTAAT1 I'l ' I " I CGGTGTTAA A ACCC 
The probes were applied co LiPA strips and hybridized under standard conditions (3X 

SSC, 20% formamide at 50°Q to amplified spacer material from four M. pneumoniae 
10 strains, one M- genitalium strain and twenty-two non -Mvcopiasma species strains. The 

general probe hybridized only to the five Mycoplasma strains tested, while the specific 

probes hybridized only to strains of the species for which they were designed. 
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EXAiMPLE 7: Other mycobacterial species 

With the steady improvement of laboratory techniques the information on the 
systematica and clinical significance of the so called "potentially pathogenic environmental 
5 mycobacteria" increased rapidly. With the emergence of newiy recognized diseases, 
additional syndromes associated with different mycobacterial species have emerged and have 
assumed major importance. 

In order to extend the LiPA test for the simultaneous detection of different 
mycobacterial species as described in example 2. a new set of DNA probes was designed co 
10 specifically identify the following species : Mycobacterium ulcerans . Mycobacterium 
genavense . Mycobacterium xenooh Mycobacterium simrae . Mycobacterium fortuiram . 
Mycobacterium matmoense , Mycobacterium ceiatum and Mycobacterium haemoohiium . 

These probes were derived from the 16S-23S rRNA spacer region sequence. For the 
above mentioned species this information was obtained through direct sequencing of PCR 
15 products or after cloning of the PCR-ampHFied spacer region. The sequences obtained are 
represented in fig. 80 to 97, and in fig. 38 for M. maimoense . 

The sequences of the spacer region of the above-mentioned mycobacterial species 
were compared and aligned to those already described in example 2 or in publicly available 
sources. From the regions of divergence, species-specific DNA probes were designed. The 
20 probes were selected and designed in such a way that the desired hybridization behaviour 
(i.e. species-specific hybridization) was obtained under the same conditions as those specified 
for the other mycobacterial probes mentioned in example 2, i.e. 3X SSC, 20% deionized 
formamide, 50°C. This allows simultaneous detection of at least two. and possibly all, of the 
mycobacterial species described in the current invention. 
25 The following oligonucleotide probes were designed from the spacer region sequence 

of respectively M. ulcerans . M* genavense . M. xenooi . M. simiae, M. formitum . M- 
malmoense . M- ceiatum and M. haemoohiium : 

MUL-ICG-l : GGTTTCGGGATGTTGTCCCACC 
MGV-lCG-i : CGACTGAGGTCGACGTGGTGT 
30 MGV-ICG-2 : GGTGTTTGAGCATTGAATAGTGGTTGC 

MXE-ICG-i : GTTGGGCAGCAGGCAGTAACC 
MSMCG-l : GCCGGCAACGGTTACGTGTTC 
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MFOICG-I : TCGTTGGATGGCCTCGCACCT 
MFO-ICG-2 : ACTTGGCGTGGGATGCGGGAA 
MML-ICG-1: CGGATCGATTGAGTGCTTGTCCC 
MML-ICG-2: TCTAAATGAACGCACTGCCGATGG 
5 MCE-ICG-l: TGAGGGAGCCCGTGCCTGTA 

MHP-ICG-i: CATGTTGGGCTTGATCGGGTGC 
The probes were immobilized on a LiPA strip and hybridized with amplified 
biotinyiated material derived from a set of representative mycobacterial species as described 
in example 2. Amplification of the spacer region was carried out by PCR using a primer set 
10 as described in example 2. The different strains used for specificity testing are shown :n tabie 
& together with the hybridization results obtained. The strains were obtained frorr* the 
collection of the Institute for Tropical Medicine, Antwerp, Belgium. 

The probes tested (MSI4CGL MXE-ICG-K MFO-ICG-I, MFO-ICG-2. MML-ICG- 
l, MML-ICG-2, MCE-ICG-I and MHP-ICG-l) specifically detected M. simiae . M. xenooi , 
15 fortuitum . M. malmoense . M- celatum and NL haemophiium respectively and showed no 

cross-hybridization with the other mycobacterial species tested. Thus, these probes allow a 
specific detection of mycobacterial species which were not further identifiable using the set 
of DNA probes described in example 2. M. maimoense was classified in example 2 as a 
"MIC 4"-type, while the other species mentioned above were only hybridizing to the general 
20 probes MYC1/MYC22 for the genus Mycobacterium , and were thus classified in example 
2 as "other mycobacterial species*. 

All tested M. genavense isolates reacted with MGV-ICGl and MGV-ICG2. and not 
with MSI-ICG1 designed for M- simiae . closely related to M. genavense . A group of 
"intermediate" organisms, situated in between M. simiae and M. genavense . were received 
25 from the Tropical Institute of Medecine, Antwerp, where they were classified as "M. simiae 
- like" (strains 4358, 4824, 4833, 4844, 4849, 4857, 4859, 7375, 7379, 7730. 9745. 94- 
1228). These strains reacted only with probe MGV-1CG2 and not with probe MSI-ICG1 
which specifically detects M. simiae strains sensu stricto . Sequencing of the 16S-23S rRNA 
spacer region of two of these "M. simiae -like" isolates (strains 7379 and 9745) (see SEQ ID 
30 NO 161 and 162) confirmed that they were more closely related to hL genavense than to bL 
simiae . A new probe MGV-ICG3 was designed to specifically detect this group of organisms, 
which possibly belong to a new species. 
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MGV-ICG 3 : TCGGGCCGCGTGTTCGTCAAA 

This illustrates again chat the use of DNA probes derived from the 16S-23S spacer 
region can be heipful in differentiating different groups of strains, which are also found 
indeterminate fay classical caxonomic criteria. The use of these DNA probes may possilby 
5 lead to the description of new (sub)species within mycobacteria. In this case, the MGV-I 
probe would react oniy with M. genavense strains sensu stricio, MGV-3 probe would react 
only with the intermediate "M- simiae -like" strains, and MGV-2 probe would detect both 
types of strains. 

The probe MUUCG-l reacted with ail VL ulcerans strains tested, but also showed 
10 cross-hybridization with marinum strain ITG 7732. Sequencing of the spacer region of 
this M- marinum strain indeed revealed an identical sequence to that of M. ulcerans strain 
1837 (see fig. 80). Further differentiation between M. marinum and M. ulcerans can be done 
using a probe from the l6S-rRNA gene of M. ulcerans. part of which is co-amplified with 
the spacer region when primers MYC PI-P5 are used for amplification. A species-specific 
15 16S rRNA probe for M- ulcerans . which can work nnder the same hybridization conditions 
as the spacer probes for mycobacterium species differentiation, is for example: 

TGGCCGGTGC AAAGGGCTG (SEQ ID NO 2 1 6) 

The above paragraph shows that, although it is preferable to use probes derived from 
the spacer region, it is also possible, and sometimes necessary, to combine ±e spacer probes 
20 with probes derived from other gene sequences, e.g. the 16S rRNA gene. Here again, these 
additional probes are selected such that they show the desired hybridization characteristics 
under the same hybridization and wash conditions as the spacer probes. 

For M. kansasii . additional strains to the ones mentioned in example 2 have been 
tested with probes MKA-ICG-1, 2, 3 and 4 described in example 2. Since none of these 
25 probes was entirely satisfactory, additional probes were designed for M. kansasii detection. 
Therefor, the spacer region of some of the additional M. kansasii strains ITG 6328, 8698 and 
8973 was sequenced (see fig.90 to 92). These strains were also obtained from the Institute 
of Tropical Medecine in Antwerp, Belgium. Apparently, M. kansasii strains constitute a quite 
heterogeneous group, with remarkable differences in the spacer sequence between different 
30 strains. Additional probes MKA-ICG-5, 6. 7, 8, 9 and 10 were designed, all hybridizing 
again under the same conditions as those earlier described, i.e. 3X SSC 20% deionized 
formamide, 50°C. The probes were tested with a collection of test strains obtained from the 
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Institute of Tropical Medicine, Antwerp, Belgium, and results are shown in table 8. 

None of the M- Ranffffli probes hybridizes with a species other than M. kansasii . as 
far as tested. However, due to the heterogeneous character of this species, none of the M- 
Jsnssii probes hybridizes with all M- kansasii strains. The different M- kansasii probes 
recognize different strains of M- kansasii. This differential hybridization may be of clinical 
significance. On the other hand, if detection of all M. kansasii strains is desirable, a 
combination of different M- kansasii probes can be envisaged. 



WO 96/00298 



PCI7EP9S/02452 



93 



as 



£6 

5 y 



CJ C 



S 0 O 



• tit i 



Ho a 



t i 



2 6 6 



e 
w 
c 

C 
u 



OS 

e 

C3 
•* 
00 

JL) 



c 

> 



lilt 



-J T 



+ -i- + + 



en 
O 



^3 
3 



2 



i 

CJ 

1 



TtN'OvOaocoaooc 



C\ m 

W - « 
00 — — — 

-* cn « 











m 






oo 


00 









o 



3 
3 

o 



S 



3 



£ 
2 



c 

c 

S 



WO 96/00298 



PCI7EP95/02452 



94 



• 111 



i i i i i 



II 



I I I 



I I I I 



till 



r - * 

!£} £ m m 
on oo 

t c\ C\ C\ 



e 

' c 
c 
o 

00 

3 



o 



o 
o 

CO 



I t I I I 



I ■ 



w 

o 
> 



oo r- 
r- © 
r* en 



3 



C 

C 



+ + -r + + 



+ , + , + 



r+ vi S o 
r- -<r i o 

d m 
00 C\ Ov C\ 



oo oo 



00 



a-i 

oo •* 



c 



s 
o 



o 



11 

+ 



WO 96/00298 



PCT/EP95/02452 



95 



r 


■ 2 

sa 


■ 


• 








• 




* * 


« 




• 




2g 






• 






t 




t i 


t 










i 


• 










, _ M — n 




i 








MKA 

ICG-7 


i 


i 


I 








1 1 1 1 1 1 1 


I t 


) 








11 


i 


» 


t 






i 


I . 1 . » "J" + 


i i i * 












t 




t 




■ 


i 


-A. — 

f 1 # I • * 


* * t t 


i 






26 

sy 


t 




• 






i 






i 






26 

2^ 


t 


■ 


i 




t 




+ +++..., 




i 




r 


*« 


s 

oo 


00 
00 

VI 




oo 


<N 

r- 

oo 


s 




o ^ 
m cs - - 
oo — — -« 
— n n 


r* 


00 00 


O 
r~ 
r» 


U 

CL 

>N 

WJ 

*§ 

C 


M. tuberculosis 


s 

•2 

*> 
at 

2 


M. intracellulare 


MIC 3.1 strain 


MIC-4 strain 


3 
U 

U 

"3 

"£ 
o 

w 

2 


S 
2 


vt 
S 
A 
W 

O 
3 

2 


M. marinum 


u 

« 

c 

7c 
s 

i 


w 
SO 

2 



mcrm rcF shfft f» n f 



WO 96/00298 



PCT/EP95/02452 



•3 
£ 





• 


1 f 












1 


1 t 












1 


I 1 












• 


1 1 


































i 






J 


























O 

en r** 

SIS'?'? 

o\ 00 -V 
C\ CN C\ 


94-123 


778 
3071 


r- c\ o 
r»» -rj- » o 
r-» r- m m 

00 O Ci c* 


4484 
4485 


4986 


S 


o 

s 

o 
o 
u 

s 


S 

a 

m 
u 

s 


S 
3 

*c. 
c 

£ 
o 

a 

s 


o 

o £ 

al 

2 5 


M. simiae 


1 M. xenopi 


s 

5 
s 

t: 
2 



SUBSTITUTE SHEET ffiULF 



WO 96/00298 



PCT/EP95/02452 



97 

EXAMPLE 8: Brucella 

Brucellosis is a very widespread and economically important zoonosis which also 
affects humans. 

For the identification of Brucella spp., mainly bacteriological and immunological 
detection techniques are being used. Tnese tests are time-consuming and often give false- 
positive results. Quick and reliable identification methods are being developed, mainl y based 
on DNA amplification and hybridization. 

Specific detection of Brucella spp. based on the amplification of a 43 kDa outer 
membrane protein (Fekete A. et al., 1990) or of a pan of the 16S rRNA gene (Herman and 
De Ridder, 1992) were already described. 

In order to develop specific DNA probes and primers for the detection of Brucella 
spp. we analyzed the 16S-23S rRNA geze spacer region. Using conserved primers (sequences 
are given in example 1) the spacer region was amplified and subsequently cloned into the 
Biuescript SK-r vector following the same procedures as in example 1. 
The obtained amplicon of about 1400 bp in length was cloned for the following Brucella 
species : - Brucella abortus NIDO Tulya biovar 3 (SEQ ID NO 154) 

- Brucella melitensis NIDO biovar 1 (SEQ ID NO 131) 

- Brucella suis NIDO biovar 1 (SEQ ID NO 132) 

Hin&Hl digestion of the constructs, followed by subcloning of the obtained fragments (n=3) 
facilitated the sequencing of the spacer region for the three described Brucella spp.. 
Fig. 56, 57 and 79 represent the sequences of the spacer regions obtained for the above- 
mentioned strains of respectively Brucella melitensis . Brucella suis and Brucella abortus. 
Due to the high homology of these spacer region sequences between different Brucella 
species, no species-specific DNA probes were deduced from this sequence information, and 
only genus-specific probes were designed. 

For this purpose, the following probes were chemically synthesized: 

BRU-ICG 1 : CGTGCCGCCTTCGTITCTCTTT 

BRU-ICG 2 : TTCGCTTCGGGGTGGATCTGTG 

BRU-ICG 3 : GCGTAGTAGCGTTTGCGTCGG 

BRU-ICG 4 : CGCAAGAAGCTTGCTCAAGCC 
The oligonucleotides were immobilized on a membrane strip and following reverse 



SHRsrrnnr shrt mi n f k\ 



WO 96/00298 



PCT/EP95/02452 



98 

hybridization with biotinyiated PGR fragments, the hybrids were visualized using a 
precipitation reaction* The hybridization results of the immobilized probes with different 
brucella spp. and related organisms are represented in the table 9 . 

These hybridization results show that probes BRU-ICG 2, BRU-ICG 3 and BRU-ICG 
4 are specific for Brucella spp. and can be used in a reverse hybridization assay for detection 
of these pathogens. Probe BRU-ICG 1 cross-hybridizes with Ochrobactrum antropi and 
Rhizobium lot! strains, which are two taxonomically highly related organisms, but which are 
not expected to be present in the same sample material as used for Brucella detection. 

As described in previous examples (e.g. 3 and 4) also for Brucella specific primers 
were chosen from the 16S-23S rRNA spacer region, in order to specifically amplify the 
spacer region from Brucella strains. 

BRU-P 1 and BRU-P2 are used as upper primers, while BRU-P3 and BRU-P4 are used 
as lower primers. When used in a nested PCR assay the combination BRU-P1/BRU-4 is- the 
outer primerset whereas the combination 3RU-P2/BRU-P3 is the inner primerset. 

BRU-P1 : TCGAGAATTGGAAAGAGGTC 204 
BRU-P2 : AAGAGGTCGGATTTATCCG 205 
BRU-P3 : TTCGACTGCAAATGCTCG 206 
BRU-P4 : TCTTAAAGCCGCATTATGC 207 
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TABLE 9 



TAXA TESTED 
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EXAiMPLE 9: Staphylococcus aureus 

Staphylococcus aureus is the staphylococcal species most commonly associated with 
human and animal infections. Staphylococcus aureus strains have been identified as important 
etiologic agents in both community-acquired and nosocomial infections. Recently nosocomial 
infection with methicillin-resistant 5. aureus (MRS A) appear to be increasingly prevalent in 
many countries. The strains belonging to this species are also causative agents of food 
spoilage and poisoning. 

In order to discriminate in a fast and specific way S. aureus strains from other 
staphylococci, the use of molecular techniques based on DNA probes and/or PCR were 
already described in the literature. Examples of target genes used for the development of 
these DNA based assays are the 16S rRNA gene (De Buyser at ai. t 1992; Geha et al, 1994), 
the mecA gene (Ubukata et aU 1992; Shimaoka et al. t 1994 ) and the nuc gene (Brakstad 
etaU 1992; Chesneau etaL, 1993). 

As a target for the development of specific DNA probes we chose the 16S-23S rRNA 
gene spacer region. Amplification using conserved primers derived from the 16S and the 23S 
rRNA genes (sequences, see example 1) showed that the pattern obtained was not similar in 
all 5. aureus strains tested. A lot of variation was seen in either the number of fragments 
obtained and in the size of these different fragments. 

One spacer region from strain UZG 5728 and four spacer regions (differing in length) 
from strain UZG 6289 were cloned into Biuescript SK+ vector and subsequendy sequenced. 
The sequences are represented in fig. 64 to fig. 68 (SEQ ID NO 139 to SEQ ID NO 143). 
For the development of specific DNA probes these different spacer regions were compared 
to each other and to the spacer region derived from Staphylococcus epidemddis strain UZG 
CNS41 (SEQ ID NO 144). 

The following probes were chemically synthesized : 

STAU-ICG 1 : TACCAAGCAAAACCGAGTGAATAAAGAGTT 
STAU-ICG 2 : CAGAAGATGCGGAATAACGTGAC 
STAU-ICG 3 : AACGAAGCCGTATGTGAGCATTTGAC 
STAU-ICG 4 : GAACGTAACTTCATCnTAACGTTTGACTTAT 
The oligonucleotides were immobilized on a membrane strip and following reverse 
hybridization with biotinylated PCR fragments, the hybrids were visualized using a 
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coiorimetric precipitation reaction. 

The hybridization results of the immobilized probes with different Staphylococcus spp. 
and non-staphylococcal organisms are represented in Table 10 , 

These hybridization results show that only probes STAU-ICG 3 and STAU-ICG 4 are 
specific for Staphylococcus aureus strains. Probe STAU-ICG 1 reacts with all Staphylococcus 
spp. tested and probe STAU-ICG 2 cross-hybridizes with the S. lugdxnensis strain* 
Neither probe STAU-ICG 3 nor probe STAU-ICG 4 detects all S. aureus strains tested, but 
when both probes are used simultaneously in a UP A assay, all 5. aureus strains tested 
hybridize with one of these probes or with both. 
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| Strains tested 


Staphylococcus aureus 
Staphylococcus aureus 
Staphylococcus aureus 
staphylococcus aureus 
Staphylococcus epidentudis 
Staphylococcus saprophyticus 
Staphylococcus haemolytkus 

Staphylococcus capitis 
Staphylococcus tugdinensis 
Staphylococcus hominis 

Bordetella pertussis 
Bordetella parapertussis 
Bordetella bronchiseptica 
Mycobacterium tuberculosis 
Mycobacterium avium 
Moraxella catarrhalis 
Haemophilus influenzae 
Streptococcus pneumoniae 

Pseudomonas cepacia 
Pseudomonas aeruginosa 
Acinetobacter calcoacettcus 
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